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NOVEL COMPOUNDS 

The present invention relates to novel compounds, processes for their preparation, 
phannaceutical compositions containing them and their use in therapy. 



)[ ChCTiokines play an important role in immune and inflammatory responses in various 

diseases and disorders, including asthma and allergic diseases, as well as autoimmune 
pathologies such as rheumatoid ardiritis and afliorosclerosis. These small secreted 
molecules are a growing super&mily of 8-14 kDa proteins diaracterised by a conserved 
10 four cysteine motif. The chemokinesiq>erfimuly can be divided into two main groups 
exhibiting characteristic structural motifs, tiie Cys-X-Cys (C-X-C) and Cys-Cys (C-C) 
families. These are distinguished on the basis of a single amino acid insertion b^een the 
NH-proximal pair of ^steine residues and aequmce similarity. 



15 The C^X-C chemoldnes include several potent chemoattractants and activators of 
neutrophils such as mterleukm-S (IL*8) and neutrophil-activating pq>tide 2 (NAP-2). 

The C-C chemoldnes include potent chemoattractants of monocytes and lymphocytes but 
not neutrophils such as human monocyte chemotactic proteins 1-3 (MCP-1, MCP-2 and 
20 MCP-3), RANTES (Regulated on Activation, Normal T Expressed and Secreted), eotaxin 
and the macrophage inflammatory proteins la and ip (MlP-la and MIP*ip). 



Studies have demonstrated that the actions of the chemoldnes are mediated by subfamilies 
of G protein-coupled receptors, among which are the receptors designated CCRl, CCR2, 
25 CCR2A, CCR2B, CCR3, CCR4, CCR5, CCR6, CCR7, CCR8, CCR9, CCRIO, CXCRl, 
CXCR2, CXCR3 and CXCR4. These receptors represent good targets for drug 
development since agents which modulate these receptors would be useful in the treatment 
of disorders and diseases such as those mentioned above. 



Jxi accordance with (he present invention, there is flierefore provided a compound of 
formula 




wherein 

misO, 1,2,3 or 4; 

eacfaR^ independ«tlyrepresaitshalogen» cyano, hydroxyl, Ci-C6alIcyU 
Ci^6 alkoxy or sulphonamido (-SO2NH2); 

either X represmts a bond, -CH2-, -O- or -C(0)- and Y represents a bond, -CH2-, 

-O- or -C(OK or X and Y together represCTit a groiq) -CH=<:(CH3)- or -C(CH3)=CH-, 

andZrepresratsabond, -0-, -NH- or -CH2-, provided that only one of X, Y and Z can 

represent a bond at any one time and provided that X and Y do not both simultaneously 

represent -O- or -C(0)-; 

n is 0, 1 or 2; 
2 

eachR independently represents halogen or Ci-C5alkyl; 
qisOor 1; 

represents -NHC(0)R^^ -C(0)NR^*R^^ or -COOR^^; 

R^, R^, R^, R^ and R^ each independently represent a hydrogen atom or a Ci-Cs alkyl 

group; 

t is 0, 1 or 2; 
9 

eachR indepoidently represents halogen, cyano, hydroxyl, C1-C6 alkoxy, 
C1-C6 haloalkyU or Cj-Cg alkyl optionally substituted by at least one substituent selected 
firom carboxyl and C]-C$ alkoxycarbonyl; 
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R^^ represents a group Ci-Cealkyl, Ci-C^ alkaiyl, C3-C6 cycloallQrl, adamantyl, 
C5-C6 cycloalkenyl, phenyl or a saturated or unsaturated 5- to lO-membered heterocyclic 
ring system comprising at least one ring heteroatom selected fiom nitrogen, oxygen and 
sulphur, each of which may be optionally substituted by one or more substituehts 
indepeidaitly selected from nitro, hydroxyl, 0x0, halogCT, carboxyl, Ci-C^alkyl, 



^> Ci-Cgalkoxy, Ci-Cealkylthio, Ci-C^alkylcarbonyl, Ci-Cg alkoxycarbonyl» phoiyland 

-NHC(0)-R^^, or 

R^^ represents a group -NR^ or -0-R^^ 
11 12 

R andR each independently represent (i) a hydrogen atom» (ii) a 3- to 6- 
10 membered saturated or unsaturated ring optionally comprising at least one ring heteroatom 
selected from nitrogen, oxygen and sulphur^, the ring being optionally substituted with at 
least one substitaent selected from halogen, methyl and trifluoromediyU or 
(iii) a C1-C5 alkyl group optionally substituted by at least one substituent selected from 
halogen, amino (-NH2), hydroxyl, trifluoromethyl, carboxyl, Cj-Cg alkoxycarbonyl and a 
IS 3- to 6-membeFed saturated or unsaturated ring optionally comprising at least one ring 
heteroatom selected fiom nitrogen, oxygen and sulphur, the ring being optionally 
substituted with at least one substituent selected from halogen, methyl and trifluoromefhyl, 
or 

11 12 

R and R together with the nitrogen atom to which they are attached form a 4- to 7- 

20 membered saturated heterocyclic ring optionally fiirther comprising a ring oxygen atom, 

the heterocyclic ring being optionally substituted with at least one substituent selected from 

hydroxy! and C 1 -C5 alkoxy; 

: f ; R represents a hydrogen atom or a C 1-C5 aDcyl group; 

:.: : 

: R represents a C1-C6 alkyl, amino ('-NH2) or phenyl group; 

14 15 

l\t .25 R andR each independently repr^ent a hydrogen atom, or a group Ci'C5 alkyl, 

^ : \' phenyl or a saturated or imsaturated S- to lO-membered heterocyclic ring system 

[ [ comprising at least one ring heteroatom selected from nitrogen, oxygen and sulphur, each 

* group being optionally substituted as defined above for R , or 

R^^ and R^^ toge&er with the nitrogen atom to which th^ are attached form a 4- to 7- 
30 membered saturated heterocycle; and 



i 



1006S4 



r^icsents a hydrogen atom, or a group Cj-Cs alkyl. phenyl or a saturated or 
unsaturated 5- to lO-memberedheterocycUcring system comprising at least one ring 
heteroatom selected from mttogeri. oxygen and sulphur, each group being optionally 



10 

substituted as defined above for B. ; 



or a 



phannaceuticaUy accqjtable salt or solvate fhereol 



In the context of the present specification, an alkyl or alkenyl substituent group or an alkyl 
moietyinasubstituent group may be linearorbtanched. A haloalkyl substituent group 
will comprise at least one halogen atom, e.g. one, two. three or four halogen atoms. In the 
»o ring substituted by may be attached to any suitable ring cartoon atom including the 
cari,onatomof(CH2)q. WhenR^' and R^' represent a 4- to 7-membered saturated 
heterocycle, it should be understood that the heterocycle will wntain no more liian two 
ringheteroatomsrthenitrogenringatomto whichR^^ andR ate attached and optionaUy 
an oxygen ring atom. When r''* and R^' represent a 4- to T-membered saturated 
15 heterocycle. it should be understood that the only ring heteroatom preset is the nitrogen 
atom to whidiR^* and r'^ are attached. Ill the definition of R (orR ,R orR )xt 
should be noted that the saturated or unsaturated 5- to 1 0-membered heterocycUc ring 
system may have aUcycUc or aromatic properties. Similarly, in the definition of R or 
b}\ a 3- to 6-membered saturated or unsaturated ring optionally comprising at least one 
20 ring heteroatom may have aUcydic or aromatic properties. 

In an embodiment of tibe invention, m is 0 or 1. 

EachR* independenliyrepresettts halogen (e.g.cMorinc. fluorine. bromine oriodine). 
2, cyano. hydroxyl. Ci-Cg. preferably C1-C4, alkyl (e.g. methyU ethyl, n-piopyl, isopropyl. 
n-butyl. isobutyl. tert-butyU n-pentyl or n-hexyi). Ci-C*. preferably C1-C4. alkoxy (e.g. 
methoxy.ethoxy.n-propoxyorn-butoxy) or sulphonamido. 

Inanembodunentofthemvention.eacliR'independentlyrepresentshalogen or C,.-C6, 
30 preferably C1-C4, alkyl. 
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Combinations of X and Y of particular interest include any one or more of the Mowing: 



X 


Y 


bond 


0 


O 


boi^ 


CH2 


O 


O 


CH2 


C(0) 


O 


O 


C(0) 


CH2 


CH2 


.CH-<:(CH3> 



5 In an onbodiment of the invention, Z represaits a bond, -O- or -CH2-. 

Combinations of X, Y and Z of particular interest include any one or m< 
following: 



X 


Y 


z 


bond 


0 


CH2 


0 


bond 


CH2 


CH2 


0 


bond 


0 


CH2 


bond 


C(0) 


0 


bond 


0 


C(0) 


bond 


CH2 


CH2 


bond 


bond 


0 


0 


0 


bond 


0 


-CH=C(CH3> 


bond 



EachR^indcpendei»tiyrep«scntshalogen(e.g.cWori^^ or 
C1-C6. preferably C1.C4. alkyl (e.g. methyl. ethyU n-propyl, isoptopyl, n-butyl, isobutyl, 
tert-butyl, n-pentyl or iirhex]^). 

3 1° 
In an embodiment of the invention, R represents -NHC(0)R . 

In another embodiment of the invention, represents -C(0>NR* ^R*^. 

r"*, R^, R^, R^ and R* each independently represent a hydrogen atom or a Ci-Ce. 
preferably C1-C4. alkyl group (e.g. methyl, ethyl, n-propyl. isopropyl, n-butyU isobutyl. 
tert-butyl, u-pentyl or n-hexyl). 

In an embodiment of the invention. R^ r\ R^ r' and R* each independently represent a 
hydrogen atom or a methyl group. 

In another embodiment of the invention. R*. R^ R^ and r'^ each represent a hydrogen 

o 

atom and R rq>res«its a methyl group. 

In an embodimoit of lixe invention, t is 0 or 1. 

Each R^ mdependentiy represents halogen (e.g. chlorine, fluorine, bromine or iodine), 
cyano, hydroxyl. Ci-C^ P«fetably C1-C4, alkoxy (e.g. methoxy. ethoxy. n-propoxy or 
n-butoxy), Ci-Ce. preferably Ci-C4,haloalkyl(e.g.trifluoromethyl). or 
C1-C6, preferably C1-C4. alkyl (e.g. methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, 
tert-butyl. n-pentyl or n-hexyl) optionally substituted by at least one substituent (e.g. one. 
two or three substituents) independently selected from caiboxyl and Ci-Ce, preferably 
C1-C4, alkoxycaibonyl (e.g. methoxycaibonyl or eliioxycaibonyl). 
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10 
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• • • 



4. • • 



In an embodiment of the inveotion, eadi independently represents halogen, cyano, 
hydioxyl. C-Ce. preferably C,-C4.aIkoxy. Ci-Cg. preferably C1-C4. haloalkyl or 
Ci-Cg, preferably C1-C4, alkyl. 

In another embodiment of the mvention. eachR^ indepeodenfly rq>resents halogen, 
hydroxyU C1-C4 alkoxy. or Ci-CU haloalkyl- 

R^° may represent a group C1-C6, preferably C1-C4. alkyl gronp (e.g. mefliyl, ethyl, 
n-propyl. isopropyl. n-butyl. isobntyl, tert-butyl. n-pentyl orn-hexyl), Cz-Cg. preferably 
C2-C4, alkenyl, C3-C6 cycloalkyl (cyclopropyU cydobutyl. cyclopentyl or cydohexyl). 
adamantyl. C5-C6 cycloalkenyl. phenyl or a saturated or unsaturated 5- to lO^embered 
heterocyclic ring system comprising at least one ring heteioatom (e.g. one. two, three or 
four ring heteroatoms independently) selected from nitrogen, oxygen and sulphur, each of 
which (i.e. each of the recited groups and the ring system) may be optionally substituted by 
one or more (e.g. one. two. three or four) substituents independently selected from mtio. 
hydroxyl, 0x0. halogen (e.g- fluorine, chlorine, bromine or iodine), carboxyl, Ci-Cfe 
preferably C1-C4. alkyl (e.g. methyl, ethyl, n-propyl. isopropyl, n-butyl, isobutyl, tert- 
butyl. n-pentyl orn^l), C1-C6. preferably C1-C4. alkoxy (e.g. methoxy. ethoxy. 
n-propoxy or n-b«toxy). Cj-Cfi. pi^ferably C1-C4, alkylthio (e.g. methylthio or ethylthio). 
C1-C6, preferably Ci-C4. alkylcaibonyl (e-g. methylcarbonyl, ethylcaibonyl, 
n-propylcarbonyl, isopropylcaibonyl. n-butylcaibonyl. n-pentylcaibonyl or 
n-hexylcaibonyl). Ci-Cfi. preferably C1.C4. alkoxycarbonyl (e.g. methoxycaibonyl or 

ethoxycarbonyl). phenyl and -NHC(0>R . 

10 , 

, TliesaturatedorunsaturatedS-tolO-meniberedheterocycUcringsysteminR maybe 
monocycUc or polycycUc (e.g. bicycUc). examples of wHdi include pynoUdinyl. 
piperidinyl. pyrazolyl. thiazoUdinyl. thienyl. isoxazolyl. thiadiazolyi. pyrrolyU faranyl. 
thiazolyl, indolyl. quinolinyl, benzhnidazolyl, tiiazolyl. tetrazolyl, pyridinyl and 
combinations of any two or more ttioreof 



30 
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Iaanena,odiinfintafthfiUiventioii.R*°rei«cseate P^^^y^ °' ^ 

saturated or unsaturated 5- to e-membered heterocyclic ring system comprising at least one 
ring heteroatom (eg. one or two ring heteroatoms independently) selected ftom nitrogen, 
oxygen and sulphur, each of which (Le. each of the redted groups and the ring system) 
xnay be optionally substituted by one, two. three or four substitoenls independenliy selected 
fromnitro. hydioxyl. oxo. halogen, caiboxyl. Ci-C*. preferably Ci-C4.alkyl. Ci-Cfi, 
preferably C1-C4. alkoxy. Ci-Ce, preferably C1-C4. alkylHuo. Ci-Cg, preferably 
C,-C4.alkylcarbonyl. Ci-Cfi. preferably C1-C4. alkoxycaibonyl, phenyl and -NHC(0)- 



in another embodiment of the invention, represents a group d-Cg alkyl. phenyl or 
an unsamrated 5- to 6-membered heterocycUc ring system comprising at least one ring 
heteroatom (e.g. one or two ring heteroatoms independently) selected from nitrogen and 
oxygen, eadi of which (i.e. each of the recited groups and the ring system) may be 
optionaUy substituted by one or two substituents independently selected from halogen. 
C1-C6. preferably C1-C4. alkyl and Ci-C6,preferablyCi-C4, alkoxy. 

Alternatively, R^° may represent a group -NR^ or -O-R^ . 

0 R^^ and r" each independently represent a hydrogen atom, or a group Ci-Cg, preferably 
C1.C4. alkyl (e.g, methyl, ethyl. n-propyU isopropyl. n-butyl. isobutyU tert-butyl. n-pentyl 
orn-hexyl). phenyl or a satumted or unsaturated 5- to 10-membered heterocyclic ring 
system comprising at least one ring heteroatom (e.g. one. two. three or four ring 
heteroatoms independently) selected from nitrogen, oxygen and sulphur, 

^ each group (i.e. each ofttie redted groups mcluding the ring system) being optionally 

substituted as defined above for r'** (that is. optionally substituted with one or more (e.g. 
one. two. three or four) substituents independently selected from nitro. hydioxyl. 0x0. 
halogen (e.g. fluorine, chlorine, bromine or iodine). oari,oxyl. Cj-Cg. preferably 
CrC4, alkyl (e.g. mefliyl. ethyl. n-propyU isopropyl. n-butyl. isobutyl. tert-butyl. n-pentyl 
30 or n-hexyl). C.-Ce, preferably C1-C4, alkoxy (e.g. methoxy. eflxoxy, n-propoxy or 
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n-birtoxy), C1-C6. preferably Ci-C4,alkyltiuo(e.g.meaiyltW^ Ci^g. 
preferably C,-C4. alkylcarborqrt (e-g. methylcaibonyl, ethylcarbonyl, n-propylcaibonyl. 
isopropylcaibonyl.ii*utylcaib<myl,ii-peiityloaiboaylo^ Ci-Cg. 
preferably C1-C4, alkoxycarbonyl (e.g. methoxycaibonyl or e&oxycarbonyl). pheayl and 

s -NHC(0)-r"). 

or R^* and R^^ together with the mtiDgen atom to wMch they are attached 

membered saturated heterocycle (e.g. pynoUdinyl or piperidinyl). 

In R^"^ or R'^ the saturated or unsaturated 5- to lO-membered heterocycUc ting system 
,0 may be monocycUc or polycyclic (e.g. bicycUc). examples of which include pynoUdinyl, 
piperidinyl. pyrazolyU thiazoUdinyl, thienyU isoxazolyl. thiadiazolyl. pyrrolyl, fonmyl, 
thiazolyl. indolyl. quinolinyl. benzimidazolyl, triazolyl, tetrazolyl. pyridinyl and 
combinations of any two or more thereof. 



IS 



20 



25 



r'* represents ahydrogen atom, or a group Ci-Cg, preferably C1-C4, alkyl (e.g. methyl, 
ethyl. n-propyl,isopropyl.n-butyl,isobutyUtert.butyl,n.pentyl or n-hexyl), pheflyl or a 
saturated or unsaturated 5. to 1 0-membered heterocycUc ring system comprising at least 

one ring heteroatom (e.g. one. two. three or four ring heteroatoms independently) selected 
from nitrogen, oxygen and sulphur, each group (i.e. each of the recited groups uxcluding 
the ring system) bring optionally substituted as defined above for R (that is, optionally 
substituted wife one or more (e.g. one. two, three or four) substituents independently 
selectedftomnitro, hydroxyU 0x0. halogen (e.g. fluorine, chlorine, bromine or iodme), 
caiboxyi. Ci^ preferably C1-C4. alkyl (e.g. methyl, ethyl, n-propyl. isopropyl. n-butyl, 
isobutyU tert4,utyl, n-pentyl or n-hexyl). Ci-C^. preferably C1.C4. alkoxy (e.g. methoxy. 
ethoxy. n-propoxy or n-butoxy), Ci-Cg. preferably C1.C4, alkylfhio (e.g. methyltfaio or 
e&ylthio). Ci^6. preferably C1-C4. alkylcaibonyl (e.g. methylcarijonyl, ethylcarbonyl, 
n-propylcarbonyl, isopropylcaibonyl, n-butylcaibonyl, n-pentylcariK>nyl or 
n-hexylcaibonyl), Ci-Cg. preferably C,-C4. alkoxycaibonyl (e.g. methoxycaibonyl or 
ettioxycaibonyl), pheayl and -NHC(0)-R ). 



30 
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m r'*, the saturated or unsatnrated 5- to lO-membered heterocyclic ring system may be 
monocydic or polycycUc (e.g. bicycUc). examples of whi«* include pyirolidinyl. 
piperidinyl. pyrazolyl. tWazoUdinyl. thienyl. isoxazolyl, thiadiazolyl. pyirolyl, fiiranyl, 
thiazolyl. indolyl, quinoMnyl. benzimidazolyl. triazolyl. tetrazolyl. pyiidinyl and 
5 combinations of any two or more thereoC 

^ and r" each independently represent (i) a hydrogen atom, 
(ii) a3-to6-memberedsaturatedorunsaturatedtingoptionallycomprisingatieastone 

ring heteroatom (e.g. one. two or three ring heteroatoms independently) selected ftom 
,0 nitrogen, oxygen and sulphur (examples of which include cyclopropyl, cyclobutyl. 
cyclopentyl. cyclohexyl, pyrolyl. imidazolyl. pyridinyl, pyiazinyl, pyridazinyl. 
pyrimidinyl, thienyl, foranyl and combinations of any two or more thereof), the ring being 
optionally substituted with at least one substituent (e.g. one. two or feree substituents 
independently) selected from halogen (eg. fluorine, chlorine, bromine or iodine), methyl 

15 and trifluoromethyl, or 

ea) a Ci-Q}. preferably C1.C4. alkyl group (e.g. methyl ethyl, n-propyl. isopropyU 
n-butyl. isobutyl tert-butyl. n^pentyl or n-hexyl) optionally substituted by at least one 
substituent (e.g. one, two or three substituents independently) selected from 
halogen (e.g. fluorine, dilorine, bromine or iodine), amino, hydroxyl, trifluoromethyl. 
» caiboxyl. Ci-Cfi, preferably C1-C4, alkoxycaibonyl and a 3- to 6-membered saturated or 
unsaturated ring optionally comprising at least oneringheteroatom(e.g. one. two or three 
ring heteroatoms independently) selected from nitrogen, oxygen and sulphur (examples of 
which include cyclopropyl. cyclobutyl. cydopentyU cyclohexyl. pyrolyl. imidazolyl. 
pyridmyl. pytazinyl, pyridazmyl, pyrimidinyl. thienyl, finanyl and combinations of any 
25 twoormoiethereo0.theringbeingoptionaUysub8titutedwithatleaatonesubstituent 

(e.g. one. two or flnee substituents independently) selected from halogen (e.g. fluorine, 
chlorine, bromine or iodine), methyl and trifluoromethyl. or 

R " and r" together with the nitrogen atom to which they are attached form a 4- to 7- 
membered saturated heterocycUc ring optionally forther comprising a ring oxygen atom 
30 {e.g. pytrolidinyl. piperidinyl or morpholinyl). the heterocyclic ring being optionally 
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substituted wi& at least one substituent (e.g. one, two or three substituents independently) 
selected ftom hydroxyl and Ci-Cfi. preferably C1-C4. alkoxy (elg. methoxy, ethoxy. 
n-propoxy or n-butoxy). 

Inanembodimeutofthemvention.R''andR"eadiindei«nd a 
hydrogen atom, (ii) a 3- to 6-membered saturated or unsaturated ring optionally 
comprisingatleastoneringheteioatomsdectedftommtrogen.oxygeiiaiidsulphur.fl^^ 

ring being optionally substituted witii at least one substituent selected fiom halogen, 
methyl and trifluoromeihyl. or(m) aCi^ealkylgroupoptionally substituted by amino 

or hydroxyl, or 

^ and R^^ together with the nitrogen atom to wW«A they are attached form a 4- to 7- 
membered saturated heterocyclic ring optionally further comprising a ring oxygen atom, 
the heterocycUc ring being optionally substituted by hydroxy! 

15 R^^ represents a hydrogen atom or a Ci-Cg. preferably C1-C4. alkyl (e.g. metiiyl, ethyl, 
n-piopyl. isopropyU n-butyU isobutyl, tert-butyl. n-pentyl or n-hexyl) group. 

In an embodiment of tiie invention. R^^^ represents ahydrogen atom. 

M r" represents a Ci-Cg, preferably C1-C4, alkyl group (e.g: mefliyl, ethyl, n-propyl, 
■ isopropyl, n-butyl. isobutyl, tert-butyl. n^tyl or n-hexyl), amino or phenyl group. 

In an embodiment of tiie invention: 

misOor 1; 
25 R^ represents halogen; 

eitherXrepresents abend. -CHj-. -O- or ^0).andY represents a bond. -CH2-. 
-O- or -C(0)-. or X and Y together represent a group -CH'=C(CH3)-. and Z represents 
bond, -O- or -CH2-. provided tbat only one ofX,Y and Z can represent a bond at any 
one time and provided that X and Y do not bofli shnultaneously represent -O or .C(0>; 
30 n is 0; 
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qisOorl; 

represents -NHC(0)R^°. -C(0)Nr"r^^ or -COOR ; 
R*, R^ R^ R^ and R* eadi independently represent a hydrogen atom or a methyl 

tisOwl; 

R^ represents halogen, hydroxyl, meflioxy trifluoromethyl; 
R^^ represents me&yl; 

r" and r" each independently represent hydrogen, mediyl, cyclopropyl, 
hydroxyethyl or aminoethyl. or r" and r'^ together with the nitroged atom to which they 
are attached form a morpholinyl group, or form a piperidinyl group substituted by 
hydroxyl; and 

R^^^ represents a hydrogen atom. 

Examples of compounds of the invention include: 

J\K2-{t(2S>3-(5-Chloro-l 'H,3H-spko[l -benzoftiran-2,4*-piperidin]-l'-yl)-2- 
hydro3cypropyl]oxy} phenyl)acetamide, 

iV-(2-{t(2S)-3-(5-Chloro-l '/f,3/f-spiro[l -benzofiiran-2,4*-piperidin]-l '-yl)-2- 

hydroxypiopyl]oxy}-4-fluorophenyl)acetamide, 

M(2-{[(2S>3<5-ailoro-l W3i??^iro[l-ben2ofuran-2,4'^ '-y^)"^' 
hydxo3qT»ropyl]oxy>-4-methoxyphenyl)acetamide, 

W-{t(2S>3-(5-Chloro-lW,3fl^-spiro[l-benzofiiran-2,4Vpiperidinl-l'-yl>^^ 

hydroxypropyl]oxy}-4-hydroxyphenyl)acetamide, 

jVij2-{[(2S>3K5-Chloro-lW^-spiro[l-benzofuran-2,4'-piperidm^^ 

hydroxypropyl]oxy}-5-(trifluoromethyl)phenyl3acetamide, 

2-{[(2S)-3-(5-Chloio-l •H,3^-spiro[l-benzofuran-2,4'-piperidift]-l *-yl)-2- 

hydioxypropyl]oxy}-N-cyclopropylbenzamide, 

2-{[(2S)-3-(5-Chloro-l •if,3H-spiro[l-ben2ofiffanr2,4'-piperidin]-l •-yl>2- 

hydroxypropyl]oxy>-J\r-cyclopropyl-4-ftuorobenzamide, 

2- {[(2S)-3-{5-Chloro-l •H3fl^spiro[l-ben2ofiiran-2,4'-piperidm]-l'-yl)-2- 

hydroxypropyl]oxy>-N-cyclopropyl-4-methoxybenzamide, 
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iVK2-{[(25)-3-(5-CUon)-l'/f,3H-spiro[l-ben2ofuran-2,4'-piperi 
2-m^ylim)pyl]oxy}-4-hydio;9I*CTyl)acetamidetriflw 

^■<5<Woro-2-{[(2S>3-(6<W<>io-r^f3H-spiro[2-ben2o£u^ 
2-hydn>xypropyl]oxy}phenyl)acetainide, 

hydto3^imJpyl]oxy}-4-£hiorophraiyl)acetamide, 

U(2S>3K6-CMoio-rH,3/f-spm>[2-benzo&ran-l,4'-piperidm]- 1 •-yl>2- 

hydroxyim>pyl]o;^}phaiyl)acetaniide, 

hydroxypropyl]oxy}-4-mettioxypheQyl)acetaimde, 

2- {[(2S)-3-(6-Chloio-l •fl3H-spiro[2-beazofuraii-l,4'-pip«idm]-l '-yl)-2- 
hydroxypropyl]oxy}-Af-cycloiw(^yl-4-fliiorobeiizainide, 

AK2 {[(2S)-3-(5-FliK>ro-l W;J/f-^iro[2-benzoforan-l,4'-piperidm]-l '-yl)-2- 

hydroxypropyl]phenyl)acetamide, 

jV^(4-CWoro-2-{t(2S)-2-hydroxy-3K3-oxo-lW,3/f-spiro[2-beiizo&ran-l,4'- 

piperidm>r-yl)propyl]oxy}phenyl)acetamide, 

isr-C^clopropyl-2-{[(2S>2-hydroxy-3-(l'/f,3iy-spiro[2-benzofuraiirl,4'^ 

yl)pn)pyl]oxy}ben2ainide, 

iVK4-CMoro-2-{[(2S>2-hydroxyO-(lW3vff-spiro[2-benzofuran-l,4'-piperi 

yl)piopyl]oxy}phenyl)acetamide, 

Jsr-(5-Chloro-2 {[(2S)-2-hydroxy-3-(l 'if^if-spiio[2-benzofuraii-l ,4*-piperidin]-l 
yl)propylloxy>phenyl)acetaimde, 

iV-(2-{t(2S)-2-hydK«y-2-methyl-3-(l ♦/f,3«^spiro[2.ben2ofiinm-l,4'-piperidm].l *- 

yl)piopyl]oxy}-4-methoxyphe&yl)acetaimde, 

Ar-[2-{[(2S)-2-Hydtoxy-3-<rH^/f-spiro[2-beiizo£Unm-l,4'-pipi^ 

yl^nopyl]oxy}-5-(trifluoromelliyl)phenyl]acetaimde, 

^K2-{[(2S)-2-Hydroxy-3K2-med»yl-l*/f-spiio[indaie-l,4'-piperidin].r- 

yl)pTopyl]oxy}phenyl)acetainide, 

i^-(2-{[(2S)-3-(2,3-Dihydto-l 'fl^spiio[indene-l,4'-piperidm]-l •-yl>2- 
hydroxypropyl]oxy}phenyl)acetamide, 
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AK2-{[(2S>2-HydroxyOK2K)XD-l'^r.spiio[l-beiizo&ranO,4'^peri 
^)propyl]oxy}phenyl)acetanude, 

liydioxypropyl]oxy}-iVr-cycloptopyl-4-hydiox>^nzaimde, 
5 2-{[(2S>3-(5-CWoiD-rff3H-apiro[l-benzo&ran-2,4'-piperidi^^^ 
methylpiopyl]oxy>-JV^clopropyl-4-hydroxybeiizaniide, 

2-{[(2SV3-(5-Chloro-l'H.3H-8piro[l-benzo£aran-2,4'-iriperid^^^ 

hydroxyptopyl3oxy}-N-melhylbenzainide, 

2-{[(2S>3-(5-Cldoro-lW,3/^spiio[l4)en»fiinm-2,4'-piperidm]-r-^^^^^ 

10 methylpiopyIloxy}-4-hydioxy-Ar.methyIbenzaimde (trifluoroacetate), 

2-{[(2S>3-(5-Cmoio-l'i/,3/y-spko[l-beii2»furan-2,4'-piperidm]-l'-yl^^^^ 

hydroxy]o3cy>-4-hydroxy-A^methylbenzamide, 

iV-(2-{[(2S)-3<5-ailoio-l'/r-spiro[l,3-benzodioxole-2,4^piperidin]-l'^^^^ 

hydrox)Tropyl]oxy}-4-liydroxyphenyl)acetaimde trifluoroacetate, 
15 jv:(2-{[(2S)-3-(5-Chloro-l'H-spiro[l.3-bexi2odioxole-2,4'-piperidin]-l^^^^^ 
2-meaiylpropyl]oxy}'4-hydroxyphenyl)acetainide trifluoroacetate, 

^K4-Hyd^oxy-2-{[(25)-2-hydroxy-3Kl'^-spura[1.3-ben2mdioxole-2.4•-pi^^ 

yl)propyl]oxy}phaayl)acetaimde trifluoroacetate, 

iV.(4-Hydn>xy-2-{[(2«-2-hydn>xy-2-methyl-3Kl'^-spiro[1.3-ben20di^^^ 

20 piperidiu]-r-yl)propylloxy}phenyl)acetaimde trifluoroacetate, 

^^2-{[(2S)-3-(5-<M<m)-rH,3fi^spiro[2-benzofuran-l,4'-piperidm]-r-y0^^^ 

hydroxypropylloxy}-4-hydtoxypheayl)acetaaiide, 
, jVK2-{[(2S)-3K5-CWoro-r/r,3ff-spiroC2-benzofaran-l,4*-^^ 

? • • 

hydroxypropyi]oxy)phenyl)acetainide, 
25 2-{[(2S>3K5-ChlDXX)-rH.3fl^spiio[2-ben2ofiiran-l,4'-piperidiii]-r-yl^^^ 

» hydroxyptopyl]oxy}-4-bydroxy-//-niethylbenzamide, 

2-{[(2S>3K5-Chloio-r^,3/f-spin>[2.benzofiinm-l,4'-piperidm] 
" methoxypiopyl]oxy}-A^-cyclopropyl-4-hydioxybeiizainide, 

'".'.^ 2-{t(2S)-3-(5-Chloro-r/^3fl^spiro[l-benzofuraii-2.4'-piperidin]-l'-yl>2- 
30 hydroxypropylloxy}-4-hydroxy-iV-(2-hydroxyethyl)ben2aniide. 
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WK2-AiimiDediyl>2-{l(2S)-3-(5.dilon>-rH3^-spto 
l'-yl)-2-hydtoxyptopyI]oxy}-4-h.ydroxybenzainide, 

2-{((2S)-3-(5-niioro-lWir-«pno[l-benzofinm-2,4'-pi^ 
hydioxypiopyl]oxy}-4-hydroxy-Ar-methylbeDzaiiiide, 
5 ^^2-{[(2S>3-{5.Fluoio-l'H^/f«piro[l-beim)furan-2,4'-pipOT '-yl)-2- 

hydroxypropyl]oxy}-4-liydioxyplienyi)acetinnide, 

iV-(2- {[(2S)-3-(5-Fluoro-l ■ff,3/f-8pirotl4»eiizofanin-2,4'-piperidml-l *-yl)-2- 

hydroxypropyl]oxy}phenyl)acetaniide, 

iV-[2-<{(2S)-3[(2S)-5.cmoro-rff,3/f-spiio[l-beiiz»fton-2.3*-pyt^^^ 

10 hydroxypropyl}oxy)phenyl]acetamide, 

Ar.[2<{(2S)-3[(2R)-5-CWoio-rH,3/y-spiio[l-benzofuran-23'-pynoU^^^ 

hydroxypropyl}oxy)phenyl]acetanude, 

JV'-[2-({(2S)0-[{2S)-5-adoro-riy3fl^-9pHO[l-l»«»zofuran-2,3'-p 

hydn)3qTn>pyl}oxy)-4-methoxyphenyl]acetamide, 
IS iV-[2-({(2S)-3-[(2R)-5-Chloro-l '/f3H-spiro[l-benzofuran-2,3*-pyiioUdin]-r-yl]-2 

hydroxypropyl}oxy)-4-metiioxyphenyl]acetainide, 

2-{[(2S)-3-(5-Chloro-l •/f,3^-spiio[l-benzofuran-23'-pynoUdin]-l •-yl)-2- 
hydroxypropylloxy}-4-hydroxy-iV-niethylbenzainide, 

2-{[(2S)-3-(5-CWoro-l •/f^i?.spito[l-benzofuran-2,4'-piperidml-l *-yl)-2- 
20 hydroxypiopyl]oxy}-4-hydio:i^bffl32oic acid (trifluoioacetate), 

3(S)-l-(2-{[(2S>3-(5-Chloro-l •H^H-spiro[l-benzofiiran-2,4*-piperidin]-l •-yl)-2- 
hydtoxypropyl]oxy}-4-hydroxybeii2oyl)pynoUdm-3-ol, 
: .-. 3(R)-i-(2-{[(2S>3<5-CWoro-r^f.3/f-spito[l-benzofbran-2,4'-piperidm^ 
: hydioxypn>pylloxy}-4-hydroxybenzoyl)pyiroUdin-3-ol, 

25 3-{[(2S)-3-(5-CWoro-rH^i^spiro[l-benzofaran-2.4'-piperid^^ 
I',' hydroxypropylloxy}-4-(niotpholiii-4-ylcaiboiqrl)phenol, 

- and phannaceutically acceptable salts and solvates of any one thereot 
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The present invention fiirther provides a process for the preparation of a compound of 
fomnila (D or apharmaceutically acceptable salt or solvate thereof as defined aibove which 



comprises, 

(a) xeacting a compound of formula 



X— Y {CHj)r\ 

/— < y NH 




wherein m, . n, R^ q, X, Y and Z are as defined in formula (I), with a compound of 
foimula 




10 



(EQ) 

wherein R^ R^ R^ R*. R^ R*, t and R^ are as defined in formula ©: « 
(b) reacting a compound of formula 




m 



IS 



(IV) 



wherein m, R» , n, R^ q, X, Y. Z. R^ R^ R^ r'' and R^ are as defined in formula (1). with 
a compound of formula 
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(V) 



wherein R^ t and are as defined in fotmula (D. in the piesence of a suitable base; or 
(c) when represents -NHC(0)R*^ reacting a compound of fiannula 






(R«)t 



2 



CVD 



wherein m, r\ n. r'. q. X, Y. Z. r'. r'. R^ r'. r'. t and r' ate as defined in fonnula (D. 
with a compound of fonniiia 



(VII) 



wherein represents a leaving group (e.g. a hydroxyl group or a halogen atom such as 



chlorine) and R^° is as defined in formula (I); or 



(d) 



when R^ represents -C(0)NR^ ^R^^. reacting a compound of formula 




10 



IS 
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Wherein represents a leaving ffovip (e.g. a hydroxyl groijp or ahalogen atom such as 
chlorine) and m. r\ n. R^ q, X. Y, Z, R^ R^ R^ R^ t and are M defined in 

formula CO. with a compound of fimnula (DC). NHR^ 'r^^, wherein r" and R are as 

defined in formula (I); 

and optionally after (a), (b), (c) or (d) forming aphannaceutically acceptable salt or 
solvate. 

The processes of the invention may convenienUy be carried out in a solvent. e,g. an organic 
solvent such as an alcohol (e.g. methanol or eflianol), a hydrocaibon (e.g. toluene) or 
tetrahydrofbran or acetonitrile at a temperature o^ for example, 0°C or above such as a 
temperature in the range fiom 0, 5, 10. 15 or 20»C to 100, 1 10 or 120''C. 

Compounds offonnulaeCn). (III). (IV), (V). (VI), (VII). (Vm)^ 

commercially available, are known in the Uterature or may be prepared using known 

tedmiques. 

For eMnq>le, compounds of formula (ID in which m is 1, R^ is chlorine or fluorine, n is 0, 
q is 1, one of X and Y represents a bond and the other of X and Y represents an oxygen 
atom and Z represents CH2, may be prepared accordmg to the following reaction schemes 
in which DMF denotes dimefliylfonnamide and EtOH denotes edianol: 
(A) 



19 




Compounds of foimula (H) in Which m is 1, is chlorine or fluorine, n is 0, q is 1, X 
represents CH2, Y represents an oxygen atom and Z represents abond. may be prepared 
according to the following reaction schemes in whidi THF denotes tetrahydro&ran: 
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Compounds of fonnula (II) in which m is I, is chlorine, n is 0, q is 0, one of X and Y 
tepiesents a bond and the otixer of X and Y represents an oxygen atom and Z represents 
CH2, may be prepared according to the foUowing reaction scheme in which DMF denotes 
dim^ylformamide and EtOH denotes ethanol: 
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m Mg sWp. dieOiylemer (il) NaH, toluene, DMF 
0<0 e^yl chtonrfbrmata. toluene, ai^ KOH. 6IOH 

It wUl be appreciated by those skiUed in the art that in the processes of the present 
invention certain functional groups such as hydioxyl or amino groups in the reagents may 
need to be protected by protecting groups. Thus, the preparation of the compounds of 
formula (I) may involve, at an appropriate stage, the removal of one or more protecting 
gioiq)S. 

The protection and deprotection of functional groups is described in 'Protective Groups in 
Organic Chemistry', edited by J.W J. McOmie, Plenum Priess (1973) and 'Protective 
Groups in Organic Synthesis*, 2nd edition. T.W. Greene and P.G.M. Wuts, Wiley- 
Meirsdience (1991). 

Hie compounds of fonnula (I) above may be converted to a phatmaceutically acceptable 
salt or solvate thereof prefferably an acid addition salt such as a hydrochloride, 
hydrobromide, phosphate, acetate, fumarate, maleate, tartrate, citrate, oxalate, 
medianesulphonate or p-toluenesulpibonate. 



Compounds of fonnula (I) are capable of existing in stereoisomaic forms. It wUl be 
understood that the invention encon^)asses the use of all geometric and optical isomers 
(including atropisomers) of the compounds of formula (1) and mixtures thereof including 
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lacemates. The use of tautomers and mixtures thereof also fonn an aspect of the present 
invention. Enantiomerically pure forms are particularly desired. 

The compounds of ftimula (J) have activity as itenaceuticals, in particular as modulators 
of chemoldne receptor (especially MlP-la chemokine receptor) activity, and may be used 
in the treatment of autoimmune, inflammatory, proKfeative and hyperproUferative 
diseases and hmnunologically-mediated diseases including rejection of transplanted organs 
or tissues and Acquired taununodeficiency Syndrome (AIDS). 

Examples of these conditions are: 

(1) (die respiratory tract) airways diseases including chronic obstructive puhnonaiy 
disease (COPD) sudi as irreversible COPD; asthma, such as bronchial, allergic, 
intrinsic, extrinsic and dust asthma, particularly dironic or inveterate asflnna (e.g. late 
asthma and airways hyper-responsiveness); bronchitis; acute, allergic, atrophic rhinitis 
and chronic rhinitis including rhinitis caseosa, hypratrophio rhinitis, rhinitis purulenta, 
rhinitis sicca and rhinitis medicamaitosa; membranous rhinitis including croupous, 
fibrinous and pseudomembranous rhinitis and scrofoulous ihinitis; seasonal rhinitis 
including rhinitis nervosa (hay fever) and vasomotor rhinitis; sarcoidosis, fennw's 
lung and related diseases, fibroid Itmg and idiopathic interstitial pneumonia; 

(2) (bone and joints) rheumatoid arfliritis, seronegative spondyloarthropathies (including 
ankylosing spondylitis, psoriatic arthritis and Reitor's disease), Behcet's disease, 
Sjogren's syndrome artd systemic sclerosis; 

(3) (skill) psoriasis, atopical domatitis, contact dermatitis and other eczmatous 
deimitides, sebonhoetic dermatitis, Uchen planus. Pemphigus, bullous Pemphigus, 
EpidemM^ysis bullosa, urticaria, angiodennas, vasculitides, oydiemas, cutaneous 
eosinophilias, uveitis. Alopecia areata and vemal conjunctivitis; 
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(4) (gastrointestinal tract) Coeliac disease, proctitis, eosinopilic gastro-enteritis; 
mastocytosis, Crohn's disease, ulcerative colitis, food-related aUergies which have 
eSscts remote from the gut, e.g., migraine, riunitis and eczema 

(5) (other tissues and systemic disease) multiple sclerosis, atherosclerosis, Acquired 
bununodefidency Syndrome (AIDS), liqras eryUiematosus, systemic liqws, 
erythematosus. Hadiimoto's thyroiditis, myasthenia gravis, type I diiibetes, nephrotic 
syndrome, eosinophiUa fescitis, hyper IgE syndrome, lepromatous leprosy, sezaiy 
syndrome and.idiopathic thrombocytqpaua piq>ura; 

(6) (aUograft rejection) acute and chronic following, for example, transplantation of 
kidney, heart, livw, lung, bone marrow, skin and cornea; and chronic graft versus host 
disease; 

(7) cancers, especiaUy non-small ceU lung cancer (NSCLC) and squamous sarcoma 

(8) diseases in whidi angiogenesis is associated with raised chemokine levels; and 

(9) cystic fibrosis, stroke, re-perfusion injury in the heart, brain, peripheral limbs and 
sq>ds. 

Thus, tihie presoit invention provides a compound of fonnula (I), or a pharmaceuticaHy- 
acceptable salt or solvate thoeof; as herranbefore defined for use in therapy. 

In a ftirthCT aspect, the present invention provides the use of a compound of formula CO, oi 
a pharmaceiitically acceptable salt or sohrate thereof as herdnbefore defined in the 
manufacture of a medicament for use in therapy. 
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In the context of the present specification, the term "therapy" also mcludes "prophylaxis" 
unless there are specific indications to the contrary. The terms "therapeutic" and 
"therapeutically" should be construed accordingly. 

The invention also provides a method of treating an inflammatory disease which comprises 
administering to a patimt in need fh&eof a therapeutically effective amount of a compound 
of formula G). <» a pharmaceudcally acceptable salt or solvate thereof, as hereinbefore 
defined. 

The mvenfion still further provides a method of treating an airways disease whitdi 
comprises adnunistering to a patient m need thereof a flierapeutically effective amount of a 
conqyound of fbmiula (I), or a pharmaceutically acceptable salt or solvate thereof, as 
ha:einbefore defined. 

For the above-mentioned therapeutic uses the dosage administered will, of course, vary 
with the compound employed, the mode of administration, the treatment desired and the 
disorder indicated. The daily dosage of the compound of formula (I) may be in the range 
firom 0.001 mg/kg to 30 mg/kg. 

The compounds of formula (I) and pharmaceutically acceptable salts and solvates thereof 
may be used on their own but will generally be administered in the form of a 
pharmaceutical composition in which the formula (I) compound/salt/solvate (active 
ingredient) is in association with a pharmaceutically acceptable adjuvant, diluent or carrier. 
Dqpwding on the mode of administration, the pharmaceutical composition will preferably 
comprise from 0.05 to 99 %w (per cent by weight), more preferably from 0.05 to 80 %w, 
still more preferably from 0.10 to 70 %w, and even more preferably from 0.10 to 50 %w, 
of active ingredient, all percentages by weiiJit being based on total composition. 




The present invention also provides a pharmaceutical composition comprising a compoimd 
of formula (I), or a phannaceutically acceptable salt or solvate thoreof, as hereinbefore 
defined, in association with a phaimaceutically acceptable adjuvant, diluent or carrier. 

5 The invention further provides a process for &e preparation of a phannaceutical 

composition of the invention which comprises mixing a compound of formula (0> or a 
phannaceutically acceptable salt or solvate thowf, as hereinbefore defined, with a 
phannaceutically acceptable adjuvant, diluent or canier. 

10 The phannaceutical compositions may be administered topically (e.g. to the skin or .to the 
lung and/or airways) in the form, e.g., of croons, solutions, suspensions, heptafluoroalkane 
aerosols and dry powder formulations; or systemically, e«g. by oral administration in the 
form of tablets, cq>sules, syrups, powdm or granules; or by parenteral administration in 
the form of solutions or suspensions; or by subcutaneous administration; or by rectal 

IS administration in the form of suppositories; or transdennally. 

The invention will now be further e?q>lained by reference to the following illustrative 
examples, in which NMR spectra were recorded on Varian Unity Inova 400. The 
central solvent peak of chlorofonre-rf (5h 7.27 ppm) were used as internal standard. Low 
20 resolution mass spectra and accurate mass determination were recwded on a Hewlett- 
Packard 1 100 LC-MS system equipped with APCI /ESI ionisation chambers. 
All solvents and commercial reagents were laboratory grade and used as received. 
The nomenclature used for the compounds was generated with ACD/IUP AC Name Pro. 

23 Examples 

Intermediate componnd! S-ChlorO"3fl'-splrotl-benzofuran-2^4*-piperidtae1 

This compound was prepared as described by FfBand, R. C; Gardner, B. A; Strupczewski, 

J., J. Heterocyclic Chem,, 1981, 18, 81 1-814. 
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Intermediate compoond: 6-ChIoro-3Jy«spiror2-benzofai^ -1.4'-piperidinel 
(i) l»-Beiiayl-6-cUoi^3iy-spira[2-beiizofuran-^ 

To a solution of 2-bromo-4-chlorobenzoic acid (2.35 g, 10.0 mmol) in tetrahydrofuran 
(THF) (15 mL) was added, a 1.6 M solution in h«cane, n-butyllithium (Parham, W.E; 
Egberg, D. C; Sayed. Y. A; Thraikill. R. W; Keyser. G. E; William, M. N; Montgomery. 
M. C; Jones. L. D., J. Org, Chem., 1976, 41, 2628-2633) (20 mL. 32,0 nmiol) slowly at 
-78 ®C imder nitrogen. After addition was complete the reaction mixture was stirred at 
-78 ®C for 3 hours (h). Then a solution of l-benzylpiperidin-4-one (3.78 g, 20.0 mmol) in 
THF (10 mL) was added slowly to the reaction mixture at -78 ^C. After addition was 
complete the reaction temperature was raised to room temperature and the reaction mixture 
was stirred at room temperature overnight The reaction mixture was poured into a 
mixture of water OhP) (60 mL) and diethyl etiier (60 mL), layers were separated. The 
aqueous layer was extracted with diethyl ether (2 x 20 mL). The aqueous layer was 
acidified with aq 6 M HCl to pH 2 and boiled for 1 h, cooled to 0 **C, pH was adjusted to 
10 by addition of aqueous sodium hydroxide (NaOH) (6M) and rapidly extracted widi 
trichloromediane (CHQa). The organic layer was washed with H2O, dried over sodium 
sulphate (Na2S04), fUtored and concentrated in vacuo to give sub-titled compound (1.22 g) 
and it was pure enough for the next step. 

"H-NMR (CDCI3, 400 MHz): 5 7.84 (d, J- 8.2 Hz, IH); 7.51 (dd, L7, 8.2 Hz, IH); 
7.45-7.25 (m, 6H); 3.67 (s, 2H); 3.00 (br.d; J- 9.4 Hz, 2H); 2-61 (br.t, J= 1 1.2 Hz, 2H); 
2.32 (br, s, 2H); 1.74 (d, 12,2 Hz, 2H), 
APCI-MS: m/z 328(MH^. 

(ii) l'-Beii27l-6Hdiloro-3J7Hipiro(2-beiizofw 

To a solution of r-bOTzyl-^ddoro-3/f-spiro[2-beiizofuran-l,4^^ (1.1 g, 

3.35 mmol) in THF (15 mL) was added 1 M solution of borane (Marxer, A; Rodriguez, H. 
R; McKenna, J. M; Tsai, H. M„ J. org. Chem., 1975, 40, 1427-1430) complex m THF (7 
mL, 7.0 mmol) slowly at 0 *^C. After addition was complete, die reaction mixture was 
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kept at room temperature for 30 minutes (min), then kept at reflux overnight, cooled to 
0 "C and 6M aqoeoua hydrochloric acid (HCl) (3.5 mL) was added slowly. The reaction 
mixture was kept at reflux fer 5 h, cooled to 0 "C, pH of the reaction mixture was adjusted 
to 10 hy addition of aqueous NaOH 6M and the whole was extracted with ethyl acetate. 
The organic layer was washed with H2O, dried over Na2504, filtered, and concentrated in 
vacuo. The residue was purified by siUca gel flash chromatography (0-30% ethyl acetate 
in petroleum edier) to give die sub-titled compound (900 mg). 

'H-NMR (CDClj. 400 MHz): 5 7.44-7.22 (m. 6H); 7.18 (m. 2H); 5,03 (s, 2H); 3.60 (s. 
2H)2.87 (br.d, J= 10.5 Hz, ZH); 2.45 (tw.t, J= 1 1.2 Hz, 2H); 2.00 (br.s, 2H); 1.79 (d. 7 « 
11.2 Hz. 2H). 
APa-MS: m/z 314(MH*). 

6-Chloro-3JEr-spiro[2-ben2ofuran-l,4»-piperidinel 
To a solution of 1 ♦-benzyl-6-chloro-3if-spiro[2-benzofuran-l,4'-piperidine] (850 mg, 2.7 
mmol) in dichloromethane (CHiCia) (8 mL) was added chloroethyl chlorofotmate (Y ang, 
B. V; o'Roudce, D; Li, J., Synlett, 1993. 195-196) (772 mg, 5.4 mmol) slowly at 0 *^C. 
After addition was complete the reaction mixture was stirred at 0 °C for 30 min. The 
volatUes were removed in vacuo, residue was dissolved in methanol (10 mL) and kept at 
reflTJX for 40 min. The volatiles were removed in vacuo and die residue was purified by 
dlica gel flash cliromatogRq>hy (0-6% methanol in dichloromethane, 0.2% ammonium 
hydroxide ^JtttOH)) to give the titled compound (170 mg) and 1 '-benzyl-6-diloro-3H- 
8piio(2-beDzofiiran-l,4*-piperidine] was recovered (200 mg). 

•H-NMR {CD3OD, 400 MHz): 5 7.29-721 (m, 3H); 5.00 (s. 2H); 2.99 (m, 4H); 1.90-181 
(ni,2H); 1.70 (m,2H). 
APCI-MS: m/z HAQAit). 
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Intermediate coroponnd; S-Fmoro-3g-SDirof2-benzofiiran-l«4' -p»p«ridin«i} 

(iv) l*-Beii^l-5-flttonH3[^-4piro[2-beiizofuran-l,4*-piperidiii]-3-one 

This leacdon was perfonned as described fiv (Q above using 2-bioino-5-£luorobenzoic 
s add (2. 19 & lO.O mmol), l-bCTzylpiperidin-4-one (3.78 g, 20.0 mmol), n-but^ UtMum 
(n-BuLi) (20 mL) and THF (20 mL) to give fhe sub-titled compound. 

'H-NMR (CDClj, 400 MHz): 8 7.58-7.23 (to, 8H); 3.68 (s, 2H); 2.98 (m, 2H); 2.59 (m, 
2H); 2.28 (m, 2H); 1 .74 (m, 2H). 
10 APa-MS:in/z312(MH^. 

(v) l*-BenzyI-S-flaoro-3i7-spiro[2-benzolnran-l,4*-piperidiiie] 

This reaction was performed as described for (ii) above using 1 '-benzyi-5-fluon)-3^- 
spiro[2-benzofuran-l,4'-piperidin]-3-one (200 mg, 0.642 mmol), borane THF complex IM 
IS solution (1,34 mL, 1 .34 mmol) and THF (3 mL) to give the sub-tided compound (148 mg). 

'H-NMR (CDOs, 400 MHz): 8 7.41-7.27 (m, 5H); 7.08 (dd, J= 4.8, 8.3 Hz, IH); 6.97 (m, 
IH); 6.89 (m, IH); 5.08 (s, 2H); 3.60 (s, 2H); 2.87 (m, 2H); 2.46 (m, 2H); 1.97 (m, 2H); 
1.88 (m,2H). 
20 AFCI-MS:m/z298(MH0. 

(vi) S-Fluoro-3£r-spiro[2-benzofuran-l,4'-piperidine] 

This reaction was performed as described for (iii) above using 1 '-baizyl-5-fluoro-3/f- 
spiro[2-ba]zofuran-l,4*-pipaidine] (145 ia& 0.487 mmol), chloioetfayl chloroformate 
(0.07 mL) to give the titled compound. 

'H-NMR (CD3OD, 400 MHz): 8 7.18 (dd, 4.9, 8.1 Hz, IH); 7.03-6.96 (m, 2H); 5.01 (s, 
2H); 3.09-2.93 (m, 4H); 1.91-1.81 (m, 2H); 1.73-1.66 (m 2H). 
APa-MS: m/z 208(MH*). 
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F.«gm ple 1 

^K2-{IaS)-3-(S-ChIo^o-l'J^AH'•«pi'o(l-beMO*w«»■^^^ 
hydrozypriq>yl]oxy}iiheiiyI)acetamide 

Step I: 

jV-{2-{(ZS)-Oxiraii-2<-ylmediozy)phenyl}acetaniide 

A mixture of iV:-(2-hydroxyphenyl)acetainide (1 .51& 10 mmoD, (2S)-oxiraii-2-ylmeihyl3- 
nitrobenzenesulfonate (2.59 g, 10 mmol) and cesium caibonate (C82CO3) (3.9 g, 12 mmol) 
in dimethylfonnamide (DMF) (30 mL) was stiired at room temperature overnight The 
reaction mixture was partitioned between ethyl acetate and H2O. Hie organic layer was 
dried over Na2S04, filtered, concentrated and the residue was purified by silica gel flash 
chromatography to give the subtitled compound (1 .34 g). 

'H-NMR (CDCI3. 400 MHz): 5 8.40 (m, IH); 7.90 (br.,s, IH); 7.05 (m. 2H); 6.92 (m, IH); 
4.37 (dd,y= 2.5. 11.3 Hz, IH); 3.98 (dd, J= 5.9, 11.3 Hz, IH); 3.40 (m. IH); 2.97 (t. J= 
4.8 Hz, IH); 2.81 (dd,/= 2.7, 4.8 Hz, IH); 2.20 (s, 3H). 

SteplI: 

AK2-^[C2S)^-(5<aiIoro-l*JT,3JT-spiroIl-benzofurai»-2^^ 
hydroxypropynojtyJphettyOacetamide 

A mixture of 5-diloro-3fl--8piio[l-benzofiiran-2.4'-piperidine] (36 mg, 0.16 mmol) and 
JV-{2-((2S)-oxiran-2-yhnea»xy]phen3d}acetamide (33 mg, 0.16 mmol) in ethanol (3 mL) 
was sdrred at 80 'C ovemi^t The volatUes were removed in varoo and the residue was 
purified by silica gel flash chromatography (0-3% methanol in didiloromethane containing 
0.2% ammonium hydroxide) to g^ve the titled compound (25 mg). • 

»H-NMR (COa,. 400 MHz): 5 7.82 (d. J= 4.8 Hz, IH); 7.22 (m, IH); 7.13 (m, 21^; 7.05 
(d, 7= 7.5 Hz. IH); 6.98 (m, IH); 6.74 (d, J= 8.6 Hz, IH); 4.49 (m. IH); 4.08 (d. 4.8 
Hz, 2H); 3.70 (m, 2H); 3.43 (m, 4H); 3.12 (s, 2H); 2.20 (m, 7H). 
APCI-MS: m/z 433 (Mlt). 
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Example 2 

A^(2-{[(2S>3-(S-CIiloi^l'j7^J7-spiro[l-beiizofiira 
hydroxypropyl]os:y}-4-fluoropheiiyl)acetamide 

Step I: 

iV-(4-Fluoro-2-liydroxypheiiyI)acetaiiiide 

A mixture of 5-fluoro*2-nitropheiiol (5 g, 31.8 nunol), acetic anhydride (4.86 g, 47.7 
nmiol) and platinum on caibon (5%, 200 mg) in mettianol was hydrogmated at 35 psi for 3 
hours. The catalyst was filtered off and the residue was purified by silica gel flash 
chromatography to give the subtitled compound (4.7 g). 

*H-NMR (CD3OD, 300 MHz): 8 7.56-7.51 (m, IH); 6.61-6.50 (m, 2H); 2.15 (s, 3H). 
APCI-MS: m/z 170 (MH*). 

Step II: 

iV-{4-Fluoro-2-[(2S)-oxiran-2-ylmethoxy]phenyl}acetamide 

A mixture of JV-(4-fluoro-2-hydK)xyphenyl)acetamide (1.69 g, 10.0 mmol), (2S)-oxiran-2- 
yhnethyl3-mtrobenzene5ulfonate (2.59 g, 10.0 mmol) and CS2CO3 (4.87 g, 15.0 mmol) in 
DMF (15mL) was stirred at room temperature for 2 h. The reaction mixture was 
partitioned between ethylacetate and H2O, The organic layer was dried over Na2S04 
filtered and concentrated. The residue was purified by silica gel flash chromatography to 
give the subtitled compound (1 .35 g). 

^H-NMR (CDCI3, 400 MHz): 8 8.33-8.29 (m, IH); 7.71 (br. S, IH), 6.74-6.66 (m, 2H); 
4.39-4.36 (m, IH); 3.95-3.90 (m, IH); 3,41-3.39 (m, IH); 2.99-2.97 (m, IH); 2.80-2.79 (m, 
IH). 

APCI-MS: m/z 226 (MH*). 
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Stepm: 

AK2-{[(2S)-3K5-CUoro-l'^^^-spiro[l-benzoiu^ 
hydroxypropyI]oxy}-4-fluoropheiiyI)Acetaiiiide 

A mixture of 5«<ddoro-3i?-spin>[l-benzofuran-2,4'-p (45 mg, 0«201 xmnol) and 

5 N' {4-fluoio-2-[(2S)-oxiran-2-ylm^o;^]ph»yl}acet^ (45.3 mg, 0.201 mmol) in 
edianol (3 mL) was stirred at 80 °C overnight The volatQes were removed in vacuo and 
the residue was jnirified by silica gel flash chromatography (0«3% methanol in 
dichloromefhane, 0.2% NH4OH) to give fbe titled compound (33 mg). 



10 *H-NMR (CDCI3, 400 MHz): 5 8.52 (s. IH); 8.20 (dd, V = 6.4, 8.9 Hz, IH); 7.18 (s, IH); 
7.13 (dd, 7= 2.0, 8,5 Hz, IH); 6.74 (dd, 2.6, 8.6 Hz, IH); 6.69 (d, 8.6 Hz, IH); 6.59 
(dd, J« 2.6, 9.8 Hz, IH); 4.48 (m, IH); 4. 17 (dd, J= 3.7, 9.8 Hz, IH); 4.00 (dd, J= 2.2, 
9,8 Hz, IH); 3.79 (m, 2H); 3.59 (br.d, J« 11.7 Hz, IH); 3.38 (m, IH); 3.27 (m, IH); 3.12 
(s, 2H); 3.05 (m, IH); 2.48 (m, IH); 2.37 (m, IH); 2.24 (s, 3H); 2.17 (m, 2H). 

15 APCI-MS: m/z 451 (MH^. 

Example 3 

^K2-{[(2S)-3-(5-Chloro-l'^^^-spiro[l-benzofuran-2,4'-plp^^ 
hydroxypropyl]oxy}-4-methoxyphe]iyl)acetamide 



20 



Step I: 

iV-(2-Hydroxy-4 methoxyphenyQacetamide 

2-Nitro-5-methoxyphenol (prepared from 3-methoxyphenol, R. J. Maleski, Synthetic 
Communications, 1993, 23, 343-348) (48.5g,0.287 mol) dissolved in THF (1.5 L) was 

23 hydrogenated at ambient temperature over night with 10% palladium on carbon (1 0 g) until 
20.3 L of hydrogen was consumed. After filtration and evaporation the residue was 
suspended in degased water (1.7 L) and acetic anhydride (42.5 mL) was added with 
stirring. The mixture was heated to 60 for Ih and thm cooled to room temperature. 
The volatiles were r^oved in vacuo and the solid was washed thorou^y with water and 

30 dried in vacuo to give brick-red crystals (41.7 g, 80 %). 
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^H-NMR (400 MHz, CDQs): 5 8.98 (s, IH); 7.34 (br.s, IH); 6,81 (d, IH); 6.58 (d, IH); 
6.44 (dd, IH); 3.78 (s. 3H); 2^6 (s. 3H) 

s Step n: 

iV-{4-Methoxy-2[(2S>ox!ran-2-ylmethozy]phen3a}acet^ 

iVK2-Hydioxy-4-mettioxyphenyl)acetamide (18.12 g, 0.1 mol) and S-(+)-glycidylnosylate 
(2S.92 g, 0.1 mol) were dissolved in dry DMF (75 mL) and stirred tinder nitrogen (Na) on 
an ice-baih. Cesium caxbonate (35.8g, 0. 1 Imol) was added and the stiiring under N2 was 

10 continued at ambient temperature ovemi^t The mixture was poured into ediyl acetate 
(IL) and water (250 mL). The organic phase was washed with water (3 x 250 mL), dried 
over Na2S04, filtered and concentrated in vacuo to give an orange solid crude product (29 
g), which was recrystallized from ethanol (100 mL) and washed with efher to give white 
crystals. More white crystals were obtained from the mother liquor, after evaporation and 

IS recrystillazition from 2-propanol. Total yield 15 g (63%). 

^H--NMR (CDCI3): 5 8.22 (d. IH); 7.64 (bs, IH); 6.53 (dd, IH); 6.50 (d, IH); 434 (dd, 
IH); 3-92 (dd, IH); 3.79 (s, 3H); 3.38 (m, IH); 2.96 (t, IH); 2.78 (dd, IH); 2.20 (s, 3H) 

20 Step ni: 

iV-(2-{I(2S)-3-(5-ChlorO'lW^-spiroIl-ben2ofuran-2,4'-pi^^^ 
hy droxypropyl] oxy}-4-methoxypheny0acetamide 

A mixture of 5-cWoro-3/f-spiTo[l-benzofuran-2,4'-piperidine] (200 mg, 0,894 mmol) and 
iV'-{4-meftioxy-2[(2S>^xiran-2-yhnethoxy]phenyl}acetamide (212 mg, 0.894 mmol) in 
25 ethanol (5 mL) was sticied at 80 overnight The volatiles were removed in vacuo and 
the residue was purified by silica gel flash chromatography (0*2% methanol in 
dichloromethane, 02% MH4OH) to give the tided compound (400 mg). 

*H-NMR (CDyOD, 400 MHz): 5 7.74 (d, •/= 8.9 Hz, IH); 7.13 (m, IH); 7.04 (dd, J « 2.3, 
30 8.5 Hz, IH); 6.65 (d, 8.5 Hz, IH); 6.61 (d, J= 2.7 Hz, IH); 6.51 (dd, J= 2.7, 8.8 Hz, 
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IH); 4.17 (m, IH); 4.08 (dd, J= 3.4, 10.0 Hz, IH); 3.98 (dd, 6.3, 9.9 Hz, IH); 3.79 (s. 
3H); 3.03 (s. 2H); 2.72 (m, 4H); 2.62 (m, 2H); 2.15 (s. 3H); 1.95 (m, 2H); 1.84 (m. 2H). 
APCI-MS: m/z 461 (NOT). 

s Example 4 

JV-(2-{((2S)-3K5<:iiloro-l»ir,3Jf-spiro[l-^^ 
hydroxypropyI]oxy}-4-hydroxypheiiyl)acetaiiiIde 



To a cold (0 ^C) solution of iS^(2-{[(2S>3-(5-chloro-l »/y//-spiro[l-ben2ofbran-2,4*- 
10 pip^din]-! •.yl)-2-hydioxypropyl]oxy}-4-me&oxyph€nyl)acetam (380 mg, 0.82 mmol) 
in dichloiomediane (8 mL) was added IM solution of boion tribromide (BBtj) in 
dichloiometfaane (2.47 mL, 2.47 xmnol) slowly. After addition was complete the iceba^ 
was removed and the reaction mixture was stirred at room temperature for 2 h 30 min. The 
reaction mixture was cooled to 0 and methanol (2 mL) was added slowly with stirring 
15 for 10 min. The volatiles were removed in vs^cuo. The residue was dissolved in large 
volume of ethyl acetate, washed successively with aqueous sodium hydrogencarbonate 
(NaHCps) solution and water. The organic layer was dried over Na2S04, filtered, 
concentrated and the residue was purified by silica gel flash chromatography (0-3% 
methanol in dichloromethane, 0.2% NH4OH) to give the tided compound (155 mg)« 

20 

^H-NMR (CD3OD, 400 MHz): 5 7.57 (d, 7= 8.7 Hz, IH); 7.14 (m, IH); 7.04 (dd, J= 2.3, 
8-5 Hz, IH); 6.66 (d, J= 8.5 Hz, IH); 6.48 (d, 7= 2.5 Hz, IH); 6.32 (dd, 2.5, 8.6 Hz, 

: IH); 4.17 (m, IH); 4.06 (dd,/= 3.4, 9.8 Hz. IH); 3.93 (dd, 7- 6.2, 9.8 Hz. IH); 3.03 (s, 

2H); 2.70 (m, 4H); 2.59 (m. 2H); 2.13 (s, 3H); 1.95 (m, 2H); 1.84 (m, 2H). 

y[: 25 APCI-MS: m/z 447 (MH*). 

m • m 
m m 

JV-I2-{I<2S)-3KS<:Uoro-l»fl;3J5r-spiro[l-ben20<uran-2,4'-pip^^ 

• « 

hydroxypropyl]oxy}«5-(trifluoroiiiethyl)phenyl]acetamide 
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Step I: 

iV-[2-{[(2S>2-Methyloxiran-2-yl]methoxy}-5-(trifi^ acetamide 
A mixture of 2-iutro*4-(trifluoiomethyI)phenol (310 mg, 1 .5 mmol), palladium on caibon 
(10%, 125 mg) and acetic anhydride (306.3 mg, 3.0 mmol) in methanol was hydrogenated 
s . for 2 hat atmospheric pressure. The catalyst was filtered ofT, the filtrate was conc»trated 
m vacuo to give erode iNr-[2-hydroxy*S-(trifluQromethyl)phenyl]acetanu (331mg). A 
part (219.16 mg, 1.0 mmol) of iV-[2-hydroxy-S-(trifluorom^yl)phenyl]acetamide was 
treated with [(2S>2*methyloxiran-2-yl]methyl3'iutroben26n^fonat6 (273.27 mg, 1.0 
mmol) in the presence of CS2CO3 (406.25 mg» 1.25 mmol) in DMF (5 mL) at room 
10 temperature for 5 h. lliereactionmixture was partitioned between ethyl acetate and water. 
The organic layer was dried over Na2S04, filtered, concentrated. The residue was purified 
by silica gel flash chromatography (0-40% ethyl ac^te in petroleum ether) to give fixe 
subtitled compoimd (230 mg). 

IS *H-NMR (CDCU, 400 MHz): 8 8.86 (s, IH); 8.00 (br.s, IH); 7.29 (m, IH); 6.97 (d, J= 8.5 
Hz, IH); 4.23 (d, 7= 1 1.0 Hz, IH); 4.04 (d, J= 1 1.03 Hz, IH) 2.93 (m, IH); 2.81 (d, J= 
4.6 Hz, IH); 222 (s, 31H); 1.42 (s, 3H). 

Step II: 

20 ^^{2-{[(2S)-3K5-Chlo^o-l'^^£r-spiro[l-benzofuran-2,4'-piperidin]-l^^^ 
hydroxypropyl]oxy}-5-(trifIuoromethyl)phenyl]acetaniide 

A mixture of 5-chloro-3/f-spiro[l-benzofuran-2,4'-piperidine] (35 mg, 0,155 mmol) and 
iV^[2-{[(2S)-2-methyloxiran-2-yl]methoxy}-5-(trifluoromethyl)phenyl] acetamide (45 mg, 
0.155 mmol) in ^anol (2 mL) was stirred at 80 overnight The volatiles were removed 
25 in vacuo and the residue was purified by silica gel flash diromatography (0-1 .5% methanol 
in dichloromediane, 0.2% NH4OH) to give the titled compound (28 m^. 



*H-NMR (CD3OD, 400 MHz): 8 8.40 (d, 1,8 Hz, IH); 7.40 (dd, J= 1.4, 8.7 Hz, IH); 
7.18 (d,y= 8.6 Hz, IH); 7.13 (m, IH); 7.03 (dd,y« 2.2, 8.5 Hz, IH); 6.63 (d,/= 8,5 Hz, 




IH); 4.13 (d, J= 93 Hz, IH); 3.98 (d, 7- 9.3 Hz, IH); 2.99 (s, 2H); 2.78 (m, IH); 2.68 
(m, 3H); 2.58 (m, IH); 2.22 (s, 3H); 1.88 (m, 2H); 1.78 (m, 2H); 1.32 (s, 3H). 
APCI-MS: m/z 513 (MH*). 

5 Exany le 6 

2H((2S>H5<:Woro-l*jy,3jy-spiro[l-^ 
liydrozypropyI]oxy}-N-^clopropylbeiizaniide 

Step I: 

10 iy-C:yclopropyl--2-]iydroxybeiizaiiiide 

A mixture of of methyl sali<qrlate (4.36 g, 28.69 xmnol) and cydoptopylamine (1.64 g) was 
heated in a sealed tiibe at 80-100 for 3h. An additional 0.5 g of cyclopropylamine was 
• added ami heated at 70 ^Covomightt he volatUes were removed in vacuo and the le^ 
was purified by silica gel flash chromaiogrepfay to give the subtitled compound (2.71 g). 

15 

^H-NMR (CDCI3, 400 MHz): 8 12.40 (s, IH); 7.40 (m, IH); 7.38 (m, IH); 7.01 (mi, IH); 
. 6.81 (m, IH); 6.48 (br.s, IH); 2.85 (m, IH); 0.98 (m, 2H); 0.82 (m, 2H). 

Step n: 

20 iV-CyclopropyL-2-[(2S)-oxiran-2'*ylmethoxy]benzamide 

A mixture of iV-cyclopropyl-2-hydroxybenzamide (270 mg, 1.52 mmol), (2S)-oxiran-2- 
ylmethyl-3-nitrobenzenesulfonate (378 mg, 1 .68 mmol) and cesium carbonate (645 mg, 
1.98 mmol) in DMF (4 mL) was stirred at room temperature overnight The reaction 
mixture was partitioned between ethyl acetate and water. The organic layer was dried over 

25 Na2S04» filtered and concratrated. The residue was purified by silica gel flash 

chromatography (40% heptane in ethyl acetate) to give the subtitled compound (354 mg). 



*H-NMR (CDCI3, 400 MHz): 5 8.22 (dd, J= 1.8, 7.8 Hz, IH); 7.95 (br.s, IH); 7.42 (m, 
IH); 7.10 (m, IH); 6.93 (d, J= 8.3 Hz, IH); 4.44 (dd, 7= 2.5, 10.7 Hz, IH); 4.08 (dd, J« 
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5.1, 10.8 Hz, IH); 3.40 (xn, IH); 3.04-2.95 (m, 2H); 2.83 (dd,/- 2.7, 4.5 Hz, IH); 0.86 
(m,2H); 0.65 (m,2H). 

Step ni: 

2-{[(2S>3K5-Chloro-lW^-^piroIl-beiizofura0-2,4».plperito 
hydroxypropyl]oxy}-N-cyelopropylbeiizamide 

A mixture of 5-<Woio-3J¥-spiro[l-benzofuran-2,4'^^^ (9 mg, 0.04 mmol) and 

2V-cyclopropyl-2-[(2S)-oxiran-2-yimethoxy]^ (9.4 mg, 0.4 mmol) in ethanol (1.5 

mL) was stirred at 80 '^C overoighL The volatiles were removed in vacuo and tiie residue 
Was purified by sDica gel flash chromatography (0- 1 .5% methanol in dichloromethane, 
0.2% NH4OH) to ^ve the titled compound (7 mg). 

*H-NMR (CD3OD,400 MHz): 5 7.92 (m, IH); 7.47 (m, IH); 7.13 (m, 2H); 7.05 (m, 2H); 
6.65 (d, y » 8.5 Hz, IH); 4.23 (dd, 3.0, 9.4 Hz, IH); 4.16 (m, IH); 4.09 (dd, 5.5, 9.4 
Hz, IH); 3.03 (s, 2H); 2.93 (m. IH); 2.70 (br. S, 4H); 2.60 (d, 6.3 Hz, IH); 1.96 (m, 
2H); 1.85 (m, 2H); 0.81 (m, 2H); 0.69 (m, 2H). 
APCI-MS: mix 457 (MH""). 

Example 7 

2-{I(2S)-3-(5-Chloro-l'/r,3iy-spiro(l-benzoluran"2,4'-plperi^^ 
hydroxypropyl]oxy}-JV-cyclopropyl-4-ffluorobenzamide 

Step I: 

Ar-Cyclopropyi-4-fluoro-2-hydroxybenzamide 

A suspension of methyl 4-fluon>2-hydroxybenzoate (510 mg, 3.0 mmol) in 
cyclopropylamine (5 mL) was stirred at room temperature ovemi^t when it became a 
dear solution. The volatiles were removed in vacuo and the residue was purified by silics 
gel flash chromatography (0-30% ethyl acetate in petroleum ether) to give the subtitied 
compound (493 mg). 
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•H-NMR (CD3OD, 400 MHz): 8 12.65 (s. IH); 7.28 (m. IH); 6.69 (dd, J= 2.6, 10.4 Hz, 
IH); 6.56 (ddd. y= 2.6, 8.0. 10.4 Hz, IH); 6.30 (br. S, IH); 2.88 (m, IH); 0.98 (m, 2H); 
0.66 (m, 2H). 

APCI-MS: m/z 196 (MH*). 
Step II: 

iV-<:^clopropyl-4-lluoro-2Ko«iwn-2-yImethoxy)bfflMairf 

Amixtllrteof^■■<yclopropyl•4-flnoro-2-hyd^oxyben^^ (195 mg, 1.0 mmol), (2S)- 
OMran-2-ylmeftiyl3-nitroben2eofisulfbiiate (259 mg. l.O mmol) and CS2CO3 (390 mg, 1.2 
mmol) in DMF (5 mL) was stined at room temperature overnight The reaction mixture 
was partitioned between ethyl acetate and water. The organic layer was dried over 
Na2S04, filtered and concentrated. The residue was pniified by sUica gd flash 
chiomatogtaphy (0-30% ethy lacetate in petroleum ether) to give the subtitied compound 
(150 mg). 

•H-NMR (CDa3, 400 MHz): 5 8.24 (dd, J= 7.0, 8.8 Hz, IH); 7.80 (hr. s, IH); 6.82 (ddd, J 
= 2.3, 7.6, 10.2 Hz, IH); 6.66 (dd, 7= 2.3, 10.2 Hz, IH); 4.45 (dd, J= 2.4, 10.7 Hz, IH); 
4.05 (dd. 5.1, 10.7 Hz, IH); 3.40 (m. IH); 3.00 (n», 2H); 2.84 (dd, 2.6. 4.8 Hz. IH); 
0.86 (m, 2H); 0.65 (m, 2H). 
APCI-MS: m/z 252 (MH*). 

Step IH: 

2-{[(2S)-3-(S-ChIoro-lW,3jBr-spiroll-benzofttran-2,4'-piperidiBl-l'-yl)-2- 
hydroxypropylloxy}-N-cyclopropyl-4-fluorobenzamide 

Amixturteof 5-chloio-3if-spiro[l-benzofiiran-2,4'-piperidinel (30 mg, 0.134 mmol) and 
iV-cyclopiopyl-4-fluoro-2-(oxiran-2-ylmethoxy)b«izamide (33.6 mg, 0.134 mmol) in 
ethanol (2 mL) was stirred at 80 °C overnight The volatiles were removed in vacuo and 
the residue was purified by siKca gel flash chromatography (0-2% methanol in 
didiloromethane, 0.2% NH4OH) to give the titled compound (36 mg). 
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'H-NMR (CDjOD, 400 MHz): 8 7.97 (dd, 7= 6.9. 8.7 Hz. IH); 7.14 (m. IH); 7.05 (dd, J= 
2.3. 8.5 Hz. IH); 6.96 (dd. 7= 2.4, 10.4 Hz. IH); 6.82 (ddd. J= 2.4. 8.0, 10.4 Hz, IH); 
6.66 (d, J= 8.5 Hz, IH); 4.24 (dd, 7= 3.0, 9.4 Hz, IH); 4.17 (m, IH); 4.10 (dd, J= 5.5, 9.4 
Hz, IH); 3.05 (s, 2H); 2.82 (m, IH); 2.71 (br. s, 4H); 2.60 (d, 6.3 Hz. 2H); 1.99 (m, 
2H); 1.88 (m. 2H); 0.83 (m. 2H); 0.58 (m, 2H). 
APa-MS: m/iz 252 (MH*). 

Example 8 

2-{[(2S)^-(5-CWoro-l»H3ff4piroll4)en2ofiiran-2,4'-pi|Ksr!dinl-l'-y^^ 
hydroxypropyllo:i^)-NHjycloprbpyl-4-inethoxyb«u!aiiiide 

St^I: 

iV^yclopropyl-2-hydroxy-4^etiboxybeiizaiiiide 

A suspension of methyl 2-liydroxy-4-njelihoxybenzoate (5.1 g, 28.0 nraiol) in cydoptopyl 
amine 24 mL) was stiired at room temperature for 5 days. The volatfles were removed in 
vacuo and the residue was purified by siUca gel flash chromatography (0-60% ethyl acetate 
in petroleum ether) to give the subtitled compound (1.8 ^. 

^H-NMR (CD3OD. 400 MHz): 5 7.61 (d, 7= 8.8 Hz, IH); 6.42 (m, 2H); 3.80 (s, 3H); 2.80 
(m, IH); 0.80 (m, 2H); 0.62 (m, 2H). 
APa-MS: m/z 208 (MH*) 

Step n: 

iV-Cyclopropyl-4-methoxy-2-I(2S)-oxiran-2-ylmethoxylbenzamide 
A mixture of Ar-cyclopropyl-2-hydbroxy-4-methoxybeiizamide (700 mg, 3.38 mmol), (2S> 
oxiran-2-ybnethyl3-mtrobenzenesulfonate (876 mfe 3.38 uunol) and CS2CO3 (1.31 g, 4.05 
mmol) in DMF (12 mL) was stirred at room temperature ovemigjit. The reaction mixture 
was partitioned between ethyl acetate and water. The organic layer was dried over 
Na2S04, filtered and concentrated. The residue was purified by silica gel flash 
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chromatography (0-80% ethyl acetate in petroleum ether) to give the subtitled compound 
(1.0 g). 

'H-NMR (CDClj. 400 MHz): 5 8.20 (d, 7= 8.8 Hz. IH); 7.85 (br.s, IH). 6.63 (dd, J= 2.3 
8.8 Hz. IH); 6.45 (d. 2.3 Hz, IH); 4.42 (dd, J= 2.5, 10.8 Hz, IH); 4.05 (dd, /= 5.2. 
10.8 Hz. IH); 3.82 (s. 3H); 3.40 (m. IH); 3.00 (m. 2H); 2,83 (dd. 2.6, 4.8 Hz, IH); 0. 
(m, 2H); 0.68 (m, 2H). 
APCI-MS: m/z 264 (MH*). 



Stepni: 

2-{[(M)-3K5<:Uor»-l*fr3ff-8piroU-beiizoiurjm-2,4'-pi^ 
hydroxypropylJoxyj-iV-cyclopropyM-methoxybenzamide 

A mixture of 5-diloro-3ff-8piio[l-benzofiiian-2,4*-piperidine] (100 mg, 0.447 mmol) and 
iV^clopropyl-4-methoxy-2-[(2S)-oxiTan-2-yhneaioxy]ben2aimde (117.7 mg, 0.447 
mmol) in ethanol (3 mL) was stirred at 80 ovemi^ The volatUes were removed in 
vacuo and the residue was purified by sUica gel flash chromatograpy (0-1 .5% m^hanol in 
dichloromethane, 0.2% NH4OH) to give the titled compound (145 mg). 

'H-NMR (CDCI3. 400 MHz): 5 8.18 (m, 2H); 7.12 (m, IH); 7.09 (dd, J= 2.3. 8.5 Hz, IH); 
6.70 (d, y = 8.5 Hz, IH); 6.63 (dd, / = 2.3. 8.8 Hz, IH); 6.44 (d. 23 Hz, IH); 4.19 (dd, 
7= 3.3, 9.4 Hz, IH); 4.13 (m, IH); 3.97 (dd, J= 5.0, 9.4 Hz, IH); 3.88 (s, 3H); 3.02 (m. 
3H); 2.92 (m, IH); 2.81 (m, IH); 2.63 (m. 3H); 2.53 (dd, J- 3.6, 12.4 Hz, IH); 2.04 (m, 
2H); 1.88 (m, 2H); 0.85 (m, 2H); 0.06 (m, 2H). 
APCI-MS: m/z 487 (MH*). 

Example 9 

iV-<2-{[(2S)-3-(5-CWoro-l'JT,3fl^-splroIl-benzofnran-2,4'-piperidinl-l'-y0^^^ 
2-methyIpropylJoxy}-4-hydroxyphenyl)acctamidetrifluoroacetate 
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Step I: 

2-MetiiyH^bciizoxazol-6-ol 

To a stirred solution of l-(2,4-diliydroxyphenyl)ethaiione (20 & 131 namol) in pyridine (80 
inL)hydioxylamine hydrochloride (9.1 g, 131 nnnol) was added over a period of ISmin 

J in smaU portions at room temperature. The reaction mixture was stirred for 20 h and then 
dUuted with water (600 mL) and extracted with ethyl acetate (2 x 250 mL). The combined 
organic extracts were washed with water (2 x 250 mL) and 5 % aqueous HCl (250 mL). 
The solvent was removed in vacuo. Water (200 mL) was addded to tiie residue and then 
concentrated in vacuo, then toluene (200 mL) was added and concentrated in vacuo. The 

10 residue was dissolved in a mixtote of acetonitrile (150 mL) and dunethylacetamide (25 
mL). The solution was cooled to 5 »C, phosphorus oxychloride (20.4 g, 12.2 mL. 133 
mmol) was added dropwise allowing &e temperature to exceed 10 »C. After the addition 
was complete, the reaction mixture was stirred at room temperature for 1 h and Aen it was 
slowly poured into a mixture of sodium carbonate (55 g) and ice (ca 800 g). After the ice 

IS melted, the resulting slurry was filtered and the solid collected was washed with water (2 x 
1 50 mL). The product was dried in vacuo to afford a yellow powder (14.4 g, 97 mmol, 
76%). 

'H-NMR (400 MHz, DMSO-dj): 5 9.68 (br. s, IH), 7.38 (d. J = 8.5 Hz, IH), 6.94 (d, 
20 2.2 H2. IH). 6.74 (dd, J= 8.5. 2.2 Hz, IH). 2.50 (s, 3H). 



Step n: 

2-Methyi-l,3-beii20xazol-6-yl benzoate 

To a stirred suspension of 2-methyl-l,3-benzoxa2ol-6-ol (2.99 g, 20 mmol) in 
25 dichloiometiiane (50 mL) was added triethylamine (4.05 g, 5.58 mLv 40 mmol). A 

solution of benzoyl chloride (3.09 g. 2.56 mL, 22 mmol) in dichloromethane (20 mL) was 
added dropwise over ca. 10 min. The reaction mixture was stirred at room temperahire for 
2.5 h, then washed with water (2 x 50 mL), and dried over NaiSOA, filtered and 
COTicentrated in vacuo to give the subtitied compound as a colourless sohd (5.05 g, 20 
30 xmnol). 
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'H-NMR (400 MHz. CDCI3): 5 (m. 2H). 7.66 (m, 2H), 7.53 (m. 2H). 7.40 (d. IH), 
7.16 (dd,lH), 2.65 (s,3H). 
APCI-MS: m/z 254 [MH*]. 

StepDI: 

4-(Acetylamino)-34iyclroxyphenyl benzoate 

To a solution of 2.mefliyl-U.benzoxazol-6-yl benzoate (5.05 g, 20 mmol) in THF (100 
mL) a mixture trifluoroacetic acid/water (4 ml/lO mL) was added. The reaction mixture 
was stined at room temperature for 16 h, thea saurated aqueous NaHCOj (150 n^.) was 
added. Ttie mixture was extracted wife ethyl acetate (150 mL), dried over NaaSO*. filtered 
and concentrated in vacuo to give the subtitled aMiqiound. 

*H-NMR (400 MHz, acetone-de): 5 9.76 (br.s, IH). 9.32 (br.s, IH), 8.15 (m, 2H), 7.71 (m, 
IH), 7.60 (m. 2H), 7.47 (d, IH), 6.85 (m, IH), 6.75 (m, IH). 2.20 (s, 3H). 
APa-MS: m/z 272 [MH*]. 



Step IV: 

4.<Acetylamino)-3-{((2S)-2-methyloxinui-2-yllmethoxy}phenyl benzoate 
This compound was prepared fiom 4-(acetylainino>3-hydroxyphenyl benzoate (2.71 g, 10 
mmol) and [(2iS)-2-methyloxiran-2-yl]methyl 3-nitrDbenzenesulfonate using flie standard 
procedure and l-methylpynolidin-2-one as a solvent Flash chromatography on siUca gel 
(ethyl acetate//»-heptane) afforded the subtitled compound as a colourless soHd (1.31g, 3.9 
mmol, 39 %). 

>H-NMR (400 MHz. CDCXi)'. S 8.41 (d, IH). 8.18 (m, 2H). 7.91 (br.8. IH), 7.63 (m, IH), 
7.50 (m. 2H). 6.83 (m, IH), 4.15 (d. J= 10.8 Hz, IH), 4.03 (d, J= 10.8 Hz, IH), 3.99 (d, / 
= 10.8Hz. IH). 2.92 (d.y-4.6 Hz. IH). 2.78 (d, /= 4.6 Hz, IH), 2.22 (s, 3H), 1.48 (s, 
3H). 

APCI-MS: m/z 342 [MH*]. 
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Step V: 

AK2-{l(25)-3KS-Chloro-l*jy3fl^piroIl-beiizoiui»n-2/l'-piperidinl-l'-y^^^ 
2-methylpropylloxy}-4-hydroxyphenyI)acetaimdetrifluoroacetate 

A solution of 5-cMoto-3/y-spirotl -bejEofuran-2,4'-piperidme] (20.0 mg, 0.09 mmol) and 
4-(acetylaniino>3-{[(25)-2-methyloxiran-2-yl]methoj^}phenyl beozoate (30.5 mg, 0.09 
mmol) in methanol (2 mL) Avas refluxed for 3 h. The reaction mixture was cooled to room 
temperature, and 1 drop of 20 % NaOH in e&anol was added. The mixture was stirred at 
room temperature for 3 h. The solvent was distilled off under reduced pressure. The 
residue was purified by HPLC (Kiomasil column; eluant: [acetonitrile + 0.1 % 
trifhioroacetic acid (TFA)/water + O.l % TFA]) to afford a colourless solid (41 mg, 0.07 
mmol, 79 %). 

'H-NMR (400 Mriz, acetone-de): 8 8.67 (br. s, IH). 7.71 (d, J = 7.0 Hz. IH), 7.22 (s, IH), 
7.12 (dd. 2.3, 8.5 Hz. IH), 6.75 (d,7= 8.5 Hz, IH), 6.59 (d, J= 2.6 Hz, IH), 6.42 (dd, 
/= 2.6, 8-6 Hz. IH), 4.03 (d, IH), 3.97 (d, 7= 9.7 Hz, IH), 3.92 (br.s, IH), 3.82 (br. s. 
iH), 3.70 (d. J - 13.6 Hz, IH), 3.52 (m, 3H), 2. 1 - 2.5 (m, 4H), 2.10 (s, 3H), IJl (s. 3H). 
APCI-MS: m/z 46J [MH*]. 

Example 10 

AK5-Cadoro-2-{I(2S)-3-(6Hiloro-l»fl;3iH'-«pirol2-benzof^^ 
hydroxypropyl]oxy}phenyl)acet3mide 

Step I: 

jV-(S-Cliloro-2-hydroxypheny]5acetamide 

To a suspension of 2-amino-4-chlorophenol (1.43 g, 10.0 mmol) in methanol was added 
acetic anhydride (0.945 mL, 10.0 mmol) and the ruction mixture was stirred at room 
temperature for 2 h. The volatiles were removed in vacuo to give the subtitied compound 
(1.5 g). 
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'H-NMR (DMSO-d6. 400 MHz): 5 10.20 (br.s. IH); 9.21 (s. IH); 8.00 (d, 2.6 Hz, IH); 
6.94 (dd, J= 2.6, 8.7 Hz, IH); 6.84 (d. J= 8.7 Hz, IH); 2.02 (s, 3H). 

StepII: 

J iV-{S-CWoro-2-[(2S)-oxirai»-2-ylmethoxy]phcnyl}acctainidc 

A mixture of iSK5-chloto-2-hydroxyphenyl)acetamide (500 xng, 2.69 nimol), (2S)-oxiran- 
2-ylmetiiyl3-mtroben2cne5ul&nate (697 mg, 2.69 mmol) and CsjCOa (1.04 g, 3.22 iranol) 
in DMF (10 mL) was stirred at room temperature overnight The reaction mixture was 
partitioned between ethyl acetate and water. The organic layer was dried over Na2S04, 

10 filtered and concentrated. The residue was purified by silica gel flash chromatography (0- 
50% eftyl acetate in petroleum eliier) to give tihie subtitled compound (600 mg). 

'H-NMR (CDCI3, 400 MHz): 5 8.47 (d, /= 2.3 Hz, IH); 7.93 (br.s, IH); 6.98 (dd, J= 2.3, 
8.7 Hz, IH); 6.83 (d. 7- 8.7 Hz, IH); 4.36 (dd, / = 2.4, 1 1.3 Hz. IH); 3.94 (dd, /- 6.1. 
15 1 1 .3 Hz, IH); 3.39 (m, IH); 2.98 (m. IH); 2.81 (dd, 7= 2.7, 4.8 Hz, IH); 2.22 (s. 3H). 
APCl-MS: m/z 242 (MH^. 

Step m: 

^'-(5-CWo^o-2-{l(2S)-3-(6-chloro-l'J^^JErHlpi^o^2-bel^zofil^an-^^^ 

20 hydroxypropylloxy}phenyl)acetaniide 

A mixture of 6-chloro-3/f-spiro[2-benzofuran-l,4*-piperidine] (26 mg, 0.1 16 mmol) and 
A^{5-chloro-2-t(2S)-oxiian-2-ybnethoxy]pb«iyl}acetamide (28 mg, 0.116 mmol) in 
ethanol (3 mL) was stirred at 80 overnight The volatUes were removed in vacuo and 
the residue was purified by siUca gel flash chromatography (0-2% meflianol in 

25 dichloromethane. 0.2% NH4OH) to give the titled compound (28 mg). 

»H-NMR (CD3OD, 400 MHz): 6 8,18 (d, /= 2.4 Hz, IH); 7.30-7.20 (m.. 3H); 7.10-7.00 
(m, 2H); 5.02 (s, 2H); 4.23 (m, IH); 4.14 (dd. J= 3.1. 9.9 Hz. IH); 3.99 (dd, 7= 6.5, 9.9 
Hz. IH); 2.93 (m. 2H); 2.63 (d. 7- 6.3 Hz, 2H); 2.55 (m. 2H); 2.21 (s. 3H); 2.00 (m, 2H); 
30 1.73 (m, 2H). 
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APCI-MS: m/z 467 (MH*). 
Example 11 

jV-(2-{K2S)-3K6-Chloro-l'fl^jy-spiroI2-benzofaran-l,4»-plperidmI-l'-y^^ 
hydroxyproiiylloxy}-4-fluoropheny0acetaniide 

A mixture of 6-cMoroOfl^spnD[2-beD2ofuran-1.4'-piperidm^^ (30 mg. 0.134 mmol) and 
Ar-{4-fhioro-2-[(2S)-oxiran-2-ylmelhoxy]phenyl}acetanude (30 mg, 0.134 mmol) in 
elbanol (3 mL) was stirred at 80 "C ovennght The volatUes were removed in vacuo and 
the residue was purified by siUca gel flash chromatography (0-1% methanol m 
dichlorometfaane, 02% NH4OH) to give the tided compound (40 mg). 

•h-NMR (CD3OD. 400 MHz): 5 7.90 (dd, /= 6.2, 8.9 Hz, IH); 7.29-7.20 (m, 3H); 6.89 
(dd, y= 2.7. 10.S Hz, IH); 6.67 (m. IH); 5.02 (s, 2H); 4.23 (m, IH); 4.13 (dd,/- 3.1, 9.9 
Hz, IH); 4.01 (dd, y = 6.3. 9.9 Hz, IH); 2.93 (m, 2H); 2.69-2.50 (m. 4H); 2.20 (s, 3H); 2.00 
(m, 2H); 1.73 (br.d. /= 13.5 Hz. 2H). 
APCI-MS: m/z 451(MH*). 

Example 12 

iV-(2-{((2S)-3-(6-Chloro-l'£r,3H-spirol2-beiizofuran-l,4»-piperidin]-l'-y^^^ 
hydroxypropylloxy>pheuyl)acetamide 



A mixture of 6.chloro-3/f-spiio[2-benzofuran-l,4'-piperidine] (25 mg, 0.1 1 1 mmol) and 
iV-{2-[(2S>oxiran-2-yhnethoxy]phenyl}acetamide (23 mg, 0.1 11 mmol) in etfaanol (2 mL) 
25 was stirred at 80 °C overnight The volatUes were removed in vacuo and the residue was 
purified by silica gel flash dttomatography (0-1% methanol in dichloromethane, 0.2% 
NH4OH) to give the tided compound (20 mg). 

•H-NMR (CD3OD, 400 MHz): 8 8.00 (dd, /= 1.3, 8.0 Hz, IH); 7.30-7.20 (m, 3H); 7.12- 
30 7.05 (m. 2H); 6.93 (m. IH); 5.01 (s. 2H); 4.22 (m. IH); 4.14 (dd. J« 3.3, 9.9 Hz, IH); 4.00 
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(dd, 7= 6.4, 9.9 Hz. IH); 2.94 (m. 2H); 2.69-2.52 (m. 4H); 2.20 (s, 3H); 2.01 (m. 2H); 1.74 
(br.d,J= 13.5 Hz, 2H). 
APCI-MS: m/z 433(MH*). 

JV-(2-{t(2S)-3K6<:iiloro-l'jy^fl^spiroI2-benzoiuran-l,4'-piperidinH»-^^ 
hydroxypropyqoxy}^inetho:qrpheiiyOacetaiiiide 

A mixture of 6HW<m)-3/f-spm)[2-benzofiiran-l,4'-piperidine] (46 mg, 0.205 mmol) and 
iV'-{4-inedioxy-2K2S)-oxiran-2-ylmethoxy]phaiyl}acetanude (48.6 mg, 0.205 mmol) in 
ethanol (2 mL) was stirred at 80 °C overnight. The volaliles were removed in vacuo and 
Ae residue was purified by silica gel flash chromatogr^y (0-1 .5% methanol in 
dichloromefhan^ 0.2% NH4OH) to ^ve &e titled compound (80 mg). 

^H-NMR (CD3OD, 400 MHz): 8 7.75 (d, J= 8.9 Hz. IH); 7.29-7.20 (m, 3H); 6.64 (d, J« 
2.7 Hz. IH); 6.51 (dd. 7= 2.7, 8.9 Hz, IH); 5.02 (s, 2H); 4.44 (m, IH); 4,12 (dd, J- 3.3, 
10.0 Hz, IH); 3.98 (dd, J= 6.2, 10.0 Hz, IH); 3.80 (s, 3H); 2.96 (m, 2H); 2.68-2.50 (m, 
4H); 2.18 (s, 3H); 2.00 (m, 2H); 1.74 (br.d, J= 13.2 Hz, 2H). 
APCI-MS: m/z 461(MH*). 

Example 14 

2-{[(2S)-3-(6-Chloro-l'fl,3i5r-spiro[2-benzofuran-l,4'-piperidinl-l'-y0-2- 
hydroxypropylloxy)-iV-cyclopropyl-4-fluorobenzamide 

A mixture of 6-chloro-3/f-spiro[2-benzofuran-l,4'-piperidine] (25 mg, 0.11 1 mmol) and 
iV-cyclopropyl-4-fluoro-2-(oxiran-2-yhnethoxy)benzamide (28 mg, 0.1 1 1 mmol) in ethanol 
was stirred at 80 °C overnight The volatiles were removed in vacuo and the residue was 
purified by silica gd flash chromatography (0-1% methanol in didilorometiiane, 0.2% 
NH4OH) to give tiie titied compotmd (32 mg). 
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>H-NMR (CD3OD. 400 MHz): 8 7.98 (dd, J= 6.9, 8.8 Hz, IH); 7.29-7.20 (m, 3H); 6.98 
(dd, J= 2.4, 10.8 Hz. IH); 6.82 (ddd, J= 2.4. 8.0. 8.8 Hz. IH); 5.01 (s, 2H); 4.25 (dd, 
3.1, 9.4 Hz. IH); 4.19 (m. IH); 4.1 1 (dd. J= 5.5. 9.4 Hz. IH); 2.92 (m. 3H); 2.59 (m. 4H); 
2.01 (m, 2H); 1.73 (m. 2H); 0.80 (m. 2H); 0.69 (m, 2H). 
APa-MS: m/z 477(MH*). 



ir.'raiiiiilg IS 

iV.(2{[aS)-i<5-nuoro-l»iy,3J3^piroI2-ben20furan-l^'-piperi^^ 
]iydrofrLypropyI]plieny])acetaniide 

A mixture of 5-fLuoro-3fl'-spiro[2-benzoftraiirl,4'.iriperidh^^^ (15 mg. 0.072 mmol) and 
JV'-{2-[(2S)-oxiran-2-ylmelhoxy]phenyl)aoetaimde (15 mg, 0.072 nmiol) in ettianol (1.5 
mL) was stiired at 80 "C ovemighL The volatiles were removed in vacuo and ihe residue 
was purified by siHca gd flash djromatogr^lqr (0-2% methanol m didaoromethane, 0.2% 
MitOH) to give tiie titled compound (9 mg). 

'H-NMR (CD3OD, 400 MHz): 5 7.99 (dd. 1.2, 8.0 Hz, IH); 7.18 (dd, 7= 4.9. 8.0 Hz, 
IH); 7.1 1-6.90 (m, 5H); 5.00 (s. 2H); 4.27 (m. IH); 4.13 (dd. 7 = 3.2, 9.9 Hz. IH); 3.99 
(dd, J= 6.4. 9.9 Hz. IH); 2.99 (m, 2H); 2.72-2.52 (m. 4H); 2.20 (s. 3H); 2.02 (m, 2H); 1.73 
(br.d,J= 13.6 Hz. 2H). 
APCI-MS: m/z 415(MH*). 

Example 16 

iV-(4-Chloro-2-{l(2S)-2-hydroxy-3-(3H»xo-ir»^fl-spiro[2-beiizofurM^^^ 
l*-y^ropyI]oxy}phenyI)acetamide 

Step I: 

iV-<4-Chloro-2-hydF03cyphenyI)acetaniide 

To a suspension of 2-amino-5-chlotopbenol (l.Olg. 7.0 mmol) in methanol (10 mL) was 
added acetic anhydride (1 .08 g, 10.55 mmol) and the reaction mixture was stirred at room 
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temperature forSOmin. The volatiles were removed in vacuo and the residue was purified 
by siUca gel flash chromatography Oiexane:ethyl acetate 5:2) to give the subtitled 
compound (1.19 g). 

s 'H-NMR (DMSCMifc 400 MHz): 6 10.29 (br.s, IH); 9.26 (br.s. IH); 7.77 (d, /= 8.6 Hz. 
IH); 6.86 (d. J= 2.4 Hz. IH); 6.80 (dd, J= 2.4, 8.6 Hz, IH); 2,12 (s, 3H). 
APCI-MS: m/z 186(MH*). 

Step n: 

10 iV-{4-Cliloro-2-[(2S)-oxiraiir2ylmethoxylphenyl}acetaniide 

To a mixture of (2S)-oxiran-2-yhnethyl3-nitiobenzenesulfonate (3.37 g, 13.25 mmol), 
N-(4-chloio-2-hydn)xyphenyl)acetaniide (2.46g, 17.23 mmol) and CS2CO3 (6.48g, 19.88 
nunol) was added DMF (20 mL) at 0 and the reaction mixture was stirred at 0 "C for 
3h. The reactiim mixture was partitioned between e&yl acetate and water. The organic 

IS layer was dried over Na2S04. filtered and concentrated. The residue was purified by siUca 
gel flash cairomatogiaphy (hexane:ethyl acetate 3:2) to give the subtitled compound (2.36 
g). 

'H-NMR (CDjCOCDj. 400 MHz): 5 8.67 (br.s, IH); 8.30 (d, /= 8.7 Hz, IH); 7.07 (d. J= 
20 2.3 Hz, IH); 6.95 (dd, J= 2.2. 8.7 Hz, IH); 4.46 (dd, 7= 2.3, 11 .5 Hz, IH); 3.94 (dd, 
6.6, 11.5 Hz, IH); 3.34 (m. IH); 2.87 (dd.J= 4.3, 5.0 Hz, IH); 2.73 (dd, J= 2.7, 5.0 Hz. 
IH); 2.18 (s, 3H). 

Step ID 

25 Ar-(4-Chloro-2-{I(2S)-2-hydroxy-3-(3H>xo-l»JJ^jy-4piro[2-benzoftoan-1.4'-piperi 
l*-yl)prop^lozy}phenyl)acetamide 

A mixture of 3fl"-spiio[2-benzofiiran-l,4'-p«>eridin]-3-one (Marxer, A; Rodriguez, H. R; 
McKenna, J. M; Tsai. H. M.. J. Org. Chem., 1975, 40, 1427-1433) (61 mg, 0.3 mmol) and 
Ar-{4-chloro-2-[(2S)-oxiian-2yhnethoxy]phenyl}acetaniide (72.5 mg, 0.3 mmol) in ethanol 
30 (3mL)wasstirredat80*CovemighL The volatUes were removed in vacuo and die. 
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residue was purified by sUica gel flash chromatography (0-1.5% methanol in 
dichloromethane. 0.2% NH4OH) to give the titled compound (40 mg). 

•H-NMR (CD3OD. 400 MHz): 8 7.93 (d, J= 7.7 Hz, IH); 7.84 (m. 2H); 7.71-7.61 (m, 
2H); 7.13 (d. 2.0 Hz, IH); 7.00 (dd, 2.0. 8.5 Hz, IH); 4.58 (m, IH); 4.13 (m, 2H); 
3.86 (m, 2H); 3.65-3.45 (m, 4H); 2:64 (m, 2H); 2.20 (s, 3H); 2-06 (m. 2H). 
APa-MS: m/z 445(MH*). 

A:<:ydopropyl-2-{iaS)-2-hydroxy-3-(l'H,31T-splro[2-beitt^ 
yI)propyl)oxy}beiizainide 

A mixture 3Jy-spiio[2-benzoftBan-l,4'-piperidine] (Marxer, A; Rodriguez, R R; 
McKenna,J.M;Tsai,aM..J: Ory. CAefn., 1975, -/0, 1427-1433) (46 J> mg. 0.246 mmol) 
and iV-cyclopropyl-2-[(2S)-oxiTan-2-yhnethoxy]beDzamide (57.4 mg, 0.246 mmol) in 
ethanol (3 mL) was kept on stirring at 80 overnight The volatiles were removed in 
vacuo and the residue was purified by silica gel flash chromatography (0-2% meflianDl in 
dichloromethane, 0.2% NH4OH) to give &e titled compound (55 mg). 

'H-NMR (CDQs, 400 MHz): 5 8.43 (d, 1.8 Hz, IH); 8.20 (dd. J= 1.8. 7.8 Hz, IH); 
7,40 (m. IH); 7.30 (m, 2H); 7,23 (m, IH); 7.18 (m, IH); 7.08 (t, /= 7.5 Hz, IH); 6.93 (d, J 
= 8.2 Hz, IH); 5.10 (s, 2H); 4.20 (m, 2H); 4.00 (dd. J= 5.0. 9.3 Hz, IH); 3.02 (m. 2H); 
2.85 (m, 2H); 2.69 (m, IH); 2-58 (m, 2H); 2;02 (m, 2H): 1.82 (d, 2H); 0.85 (m. 2H); 0.63 
(m,2H). 

APa-MS: m/z 423(MH*). 
Example 18 

Ar-(4-CWoro-2-{[(2S)-2-liydroxy-3Kl*^r.3£r-spiro[2-beiizoftaran-l,4'-^^ 
yOpropylloay}phenyDacetamide 
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A mixture 3fl^spiro[2-benzofuran-l ,4*-pip«idine] (38 mg, OJl mmol) and J\r-{4-chloro-2- 
[(2S)-oxiran-2y]methoxy]pheayl}acetamide (48.3 mmol) in etfaanol (3 mL) was stined at 
80 °C overnight. The voiatiles were removed in vacuo and tiie residue was purified by 
silica gel flash chromatography (0-1.5% methanol in dichloromethane, 0.2% NH4OH) to 
s give the titled compound (35 mg). 

'H-NMR (CDCI3, 400 MHz): 6 8.05 (d, J= 8.7 Hz, IH); 7.29-7.18 (m. 4H); 7.10 (d, 
2.1 Hz, IH); 6.94 (dd, 7= 2.2. 8.7 Hz, IH); 5.08 (s, 2H); 4.26 (m, IH); 4.16 (dd, J= 3.0, 
10.0 Hz, IH); 4.01 (dd, y = 6.4, 9.9 Hz, IH); 2.97 (m, 2H); 2.69-2.52 (m, 4H); 2.19 (s, 3H); 
to 2.07 (m, 2H): 1.73 (m, 2H). 
APCI-MS: m/z 433(MlO- 



Example 19 

iV-(5-Cldoro-2U(2S)-2-hydroxy-3-a'J7,3lH'4plroI2-beiizofu^ 
IS yQproiqrl]oxy}pliaiyI)acetamide 



A mixture 3H-8piio^-ba)zofiiran-l,4'-piperidine] (63 mg, 0.33 mmol) and7/-{S-chloro-2- 
[(2S)-oxiran-'2-yfanethoxy]phenyl}acetamide (80 mg, 0.33 mmol) in ethanol (5 mL) was 
stuxed at 77 °C for 4h. The voiatiles were removed in vacuo and the reddue was purified 
20 by silica gel j9ash duomatogn^hy (0-3% methanol in dilorofimn) to give the titled 
compound (77 mg). 



: 'H-NMR (COas, 400 MHz): 5 8.50 (m, IH); 7.3 1 (m, 3H); 7.18 (m, IH); 6.98 (m, IH); 

'"; " 6.83 (m, IH); 5.10 (s, 2H); 4.10 (m, IH); 4.03 (dd, IH); 3.91 (dd, IH); 2.97 (m, IH); 2.76 

-*'*: 25 (m. 2H); 2.60-2.43 (m, 3H); 2.20 (s, 3H); 2.05-1.89 (m, 2H); 1.60 (m, 2H). 
APCI-MS: m/z 431(MH*). 
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Example 20 

^K2'{^(2S)-2-hydroxy-2-methy^3-(l»lr3£r-spiro 
yI)propyl]oxy}«4-methoxyphenyI)acetaiiude 



100684 




50 



Step I: 

[(2S)-2^Met]iyIoxiranyl]methyO-nitrobeiizeiiesiiIfona^ 

To an oven-dried 1 000 mL fhree-n^ed flask was added powdered activated molecular 

5 sieves (8.0 g, 4A) and CH2CI2 (440 mL), D-(-)-<iiisopropyl tartrate (4 mL, 14.2 mmol) and 
2-methyl-2-propene-l-ol (20 mL, 240 mmol) was added and the mixture was cooled to 
-20 ^C. Titanium tetraisopropoxide (3.5 mL, 11 .9 mmol) was added with a few mL of 
CH2CI2 and the mixture was stirred at -20 ®C for 30 min. Cumene hydroperoxide (75 mL, 
430 nmiol) was added dropwise over 1.5 hours maintaining the temperature at -20 ^C. The 

10 mixture was stirred at this temperature ovamight Trimethyl phosphite (40 mL, 340 mmol) 
was added dropwise over 5 hours maintaining the temperature at -20 ^C. Triethylamine 
(50 mL, 360 nmiol) and 4-dmiethylaminopyridine (DMAP) (3.48 g, 28.5 nmiol) was added 
followed by a solution of 3-mtrobenzenesulphonyl chloride (47 g, 212 nomol) in CH2CI2 
(400mL). The temperature was raised to -10 °C and ^e mixture was stirred at this 

IS temperature overnight Aft^ removing the extenial cooling vessel, the reaction niixture 
was filtered through cdite. The organic phase was washed with 10% tartaric acid (500 
mL), saturated NaHCOa (300 mL) and brine (300 mL). The organic layer was dried over 
magnesium sulphate (MgS04) and concentrated in vacuo to give 1 SO g of a yellow oil. 
The crude material was purified by silica gel flash chromatography (0-50% ethyl acetate in 

20 ' heptane) to give the subtitied compound (48.8 g). 

*H-NMR (CDQa, 400 MHz): 5 8.79-8.75 (m, IH); 8,52 (ddd, J= 1.1, 2.3, 8.3 Hz, IH); 
8.25 (ddd, 1.1, 1.8, 7,8 Hz, IH); 7.81 (t,y= 8.5 Hz, IH); 4.28 (d. J= 11.3 Hz, IH); 
4.05 (d, •/= 1 1.3 Hz, IH); 2.73 (d, J= 4.4 Hz, IH); 2,67 (d, J= 4.4 Hz, IH); 1.56 (s, 3H), 

StepII: 

iVK4-Methoxy-2-{[(2S)-2-methyIoxiran-2-yllmethoxy}pheny0acetamide 
A mixture of [(2S)-2-methyloxiran-2-yl]methyl3-nitrobenzenesulfonate (2,04 g, 7,46 
mmol), AK2-hydroxy-4-methoxyphenyl)acetamide ((1.04 g, 5.74 mmol) and CS2CO3 
(2.80 g, 8.61 xamol) in DMF (12 mL) was kept on stirring at room temperature overnight 
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The reaction mixture was partitioiied between ethyl acetate and water. The organic layer 
was dried over Na2S04, filtered and concentrated. The residue was purified by siUca gel 
flash chromatography (ethyl acetate : bexane 1:1) to give the subtitied compound (1.19 g). 

*H-NMR (CDCI3, 400MHz): S 8.20 (d,7= 8.8 Hz, IH); 7.72 (br.s. IH); 6.52 (m, 2H); 4.12 
(d. y« 11.0 Hz, IH); 3.98 (d, /= 1 1.0 Hz, IH); 3.77 (s, 3H); 2.91 (d. 7= 4.7 Hz, IH); 2.77 
(d, J«= 4.7 Hz, IH); 2.20 (s, 3H); 1.48 (s, 3H). 

Step m: 

A^2-U(2S>2-Hydn»xy-2-inethyl-3-(l'H3iy-8piro(2-b«Mofl^ 
yI)propyIlozy}-4-nDwdiozyphenyI)acetamide 

A mixture of 3H-spiio[2-benzo£uran-1.4*-piperidine3 (57 ing, 0.3 mmol) and Ar-(4- 
methoxy-2-{[(2S)-2-methyloxiran-2-yl]methoxy}phenyl)acetamide (75.4 mg, 0.3 mmol) 
in ethanol (3 mL) was stirred at 80 "C overnight The volatUes were removed in vacuo and 
the reddue was purified by silica gd fia^ chromatography (0-1 .5% methanol in 
dichloromethane, 0.2% NH4OH) to give Hbe titled compound (70 mg). 

'H-NMR (CD3OD, 400 MHz): 5 7.65 (d, 8.8 Hz, IH); 7.28-7.15 (m, 4H); 6.61 (d, 
2.7 Hz. IH); 6.50 (dd, 2.7. 8.8 Hz, IH); 5.10 (s, 2H); 3,99 (d,y= 9.2 Hz. IH); 3.90 (d, 
7= 9.2 Hz, IH); 3.79 (s, 3H); 2.88 (m, 2H); 2.73-2J3 (m, 4H); 2.16 (s, 3H); 2.00 (m, 2H); 
1.63 (m,2H); 131 (s,3H). 
APCI-MS: m/z 44l(NIH*). 

Example 21 

iV-I2-{I(2S)-2-Hydroxy-3Kl'H;3-ff-spi«'oI2-benzofuran-l,4*-pipeiridinl-l'- 
yI)propyl]oxy}-5-(trifluorometiiyI)pheBiyl]acetamide 

Step I: 

iV-(2-[(2S)-Oxiran-2-ylmetiioxyl-5-(trifluoromcthy0phenyllacetamide 
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A niixture of JV^[2-hydroxy-5KtrifliiommeAyl)phenyl]ac^^ (282 mg, 1.28 mmol), 
(2S)-oxiran-2.ylmethyl-3-mtrobenzenesulfo (331.5 mg, 1^8 mmol) and CS2CO3 
(487-5 mg, 1 .28 nimol) in DMF (5 mL) was stirred at room temperature overnight. The 
reaction mixture was partitioned between ethyl acetate and water. The organic layer was 
5 dried over Na2S04, filter^ and concentrated. The residue was purified by silica gel flash 
dnomatography (0-40% ethyl acetate in petrolemn ether) to give the subtitled compound 
(150 mg). 

^H-NMR (CDQa, 400 MHz): 5 8.72 (br.s, IH); 7.90 (br.s, IH); 7.3 1 (m, IH); 6.97 (d, IH); 
10 4.46 (dd,J= 2.4. 11.3 Hz. lH);4.00(dd, J=6.3, 11,3 Hz, lH);3.44(m, IH); 3.00 (d. J= 
4.5 Hz. IH); 2.80 (dd, J« 2,7, 4.8 Hz, IH); 2.25 (s, 3H). 

StepH: 

iV"l2"{I(2S)-2-Hydroxy-3Kl'ir^jy-spiroI2-beiizofu^ 
15 yl)propyl]oxy}-5-(trlfluorom6fliyQphenyl]acetanude 

A mixture of 3/f-spiro(2-benzofiiran-l,4'-piperidine] (47.3 mg, 0.25 mmol) andiV-[2- 
[(2S)<>X]ran*2-ylme&oxy]-5-(trifliioromethyl)phenyl]acetamide (69 mg, 0.25 mmol) in 
^lanol (3 mL) was stirred at 80 overnight The volatiles were removed in vacuo and 
the residue was purified by silica gel flash cbromatogmphy (0-1.5% methanol in 
20 dichloromethane, 0.2% NH4OH) to give the tided compound (38 mg). 

*H-NMR (CD3OD, 400 MHz): 5 8,49 (d. IH); 7.39 (dd, IH); 7.30-7.17 (m, 5H); 5.08 (s, 
2H); 4.28 (m, 2H); 4.10 (dd, 7= 6,5, 9.8 Hz, IH); 2.98 (m, 2H); 2.68-2,53 (m, 4H); 2.22 (s, 
3H); 2.02 (m, 2H); 1 .73 (m, 2H). 
APa-MS: m/z 465(MH*). 

Example 22 

iV*(2-{l(2S)-2-Hydroxy-3-(2-methyW'ir-spiro[indene.l,4'^^^^ 
yI)propyI]oxy}phenyI)acetamide 
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A mixture of 2-methylspitt>[mdene-1.4'-piperidine] (Efenge, S. M. N; Khate, A. B; 
Foulon, C; AkeUa, S. K; Parsons. S. M.. J. MecL Chem., 1994, 37, 2574-2582) (82.5 mg. 
0.35 nunol) and Ar-{2-[(2S)-oxiran-2-ylm^oxy]phenyl}acetamide (72.5 mg. 0.35 mmol) 
in eflianol (3 mL) was stirred at 80 '>C overnight Hie volatiles were removed in vacuo and 
the residue was purified by siHca gel flash chromatography (0-2% methanol in 
dichloiomethane. 0.2% NH4OH) to give the titled compound (80 mg). 

'H-NMR (CDjOD, 400 MHz): 5 7.84 (m, 2H); 7.28 (m. 2H); 7.16 (m, 2H); 7.07 (m, IH); 
6.98 (m. IH); 6.53 (br.s. IH); 4.58 (m, IH); 4.14 (m. 2H); 3.90-3.49 (m. 6H); 2.45 (m, 
2H); 2.19 (8, 3H); 1.99 (s, 3H); 1.40 (br.t. 14.0 Hz, 2H). 
APCI-MS: m/z 407(MH*). 

Example 23 

JV-(2-{((2S)-3-(2,3-lMhydro-l 'JET-splrollndene-l/l'-pipeiidiiiH »-yI)-2- 
hydroxypropylloxy)phcny]^acetaniide 

A mixture of 2,3-dihydrospiro[inden©-l,4*-piperidine] (Efenge, S. M. N; Khare, A. B; 
Foulon, C; Akella, S. K; Parsons, S. M., J. Med. Chem., 1994, J7, 2574-2582; 
Chambers, M. S; Baker, R; Billington, D. C; Knight, A. K; Middlemiss, D. N; Wong. E. H. 
F., /. Med. Chem., 1992, 55, 2033-2039). (78.3 mg, 0.35 mmol) and 7V-{2-[(2S)-oxiiatt-2- 
yhnethoxy]phenyl}acetamide (72.5 mg, 0.35 mmol) in ethanol (3 mL) was stirred at 80 "C 
overnight The volatiles were removed in vacuo and the residue was purified by silica gel 
flash chromatography (0-2% methanol in dichloromethane, 0.2% NH4OH) to give the 
tided compound (65 m^. 

'H-NNDR. (CD3OD, 400 MHz): 8 7.82 (m, IH); 7.26-7.12 (m, 5H); 7.06 (m, IH); 6.98 (m, 
IH); 4.50 (m. IH); 4.10 (d, 2H); 3.72 (m, 2H); 3.45-322 (m, 5H); 2.99 (t. J= 7 J Hz, 2H); 
233-2-13 (m, 6H); 1.82 (m, 2H). 
APCI-MS: m/z 395(MH*). 
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Example 24 

iV-(2-{l(2S)-2-Hydroxy-3K2-oxo-l'fl^spiroll-benzofuran-3,4'-piperidtol-l'^ 
yI)pro|iyllttJcy}plienyOacetaiiiide 

A mixture of spiio[l-ben20&tan-3.4--piperidm3-2-one (80 mg. 0.28 mmol) and JV-{2- 
[(2S)-oxiiwi-2-ybnethoxy]phenyl}acetamide (60 mg. 0.28 imnol) in ethanol (2 mL) was 
kept on stilling at 80 °C overnight The volatiles were removed in vacuo and the residue 
was purified by high pressure Uquid chromatography (HPLC) to give the titled compound 
(65 mg). 

>H-NMR CDMSOrd*. 400 MHz): 5 9.03 (br.s, IH); 7.95-7.90 (m, IH); 7.44-7.39 (m. IH); 
7.32-7.24 (m. 3H); 7.05 (m. 2H); 6.94 (m. IH); 6.09 (br.8. IH); 4.41 (m. IH); 4.07-3.91 
(m, 2H); 3.74-336 (m. 8H); 231-2.22 (m, 2H); 2.1 1 (s, 3H). 
APCI-MS: m/z 411(MH^. 

Example 25 

2-{I(2S)-3KS-Chloro-l»J?3^-spiroll-benzofuran-2,4»-piperidiiil-l'-yl>-2- 
hydroxypropyiloxy}-2V-cyclopropyl-4-hydroxybeii2aiiiide 



20 Step I: 

Methyl 2-hydroxy-4-(trityloxy)beiizoate 

To a solution of methyl 2,4-dihydroxybenzoate (388 mg, 2.0 mmol) in dimethylfomiamide 
(5 mL) was added trie&ylamine, EtjN, (0.556 mL. 4.0 mmol) foUowed by trityl chloride 
(557 3 mg, 2.0 mmol) and 4-dimetJiylaminopyridine (DMAP) (20 mg). The reaction 
mixture was kq)t on stirring at room temperature overnight, poured into a mixture of ice- 
water, the white precipitate was coUected by filtration. This precipitate was subjected to 
silica gel flash chromatography (0-5% ethyl acetate in petroleum ether) to give the 
subtitled compound (350 mg). 



IS 



25 
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'H-NMR (CDCU, 400 MHz): S 10.65 (s, IH); 7.58-7.22 (m, 16H); 638 (m, 2H); 
3.89 (s, 3H). 

Step H: 

5 iV-C:ycIopropyl-2-hydroxy-4-(tri^lory)beiizanalde 

Methyl 2-hydroxy-4-(trityloxy)benzoate (340 mg, 0.83 mmol) was dissolved in 
cyclopropylannne (3 mL) and left at room temperature for a week. The volatiles were 
removed in vacuo and the residue was purified by siUca gel flash chromatogr^y (0-20% 
ethyl acetate in petroleum ether) to give the subtitled compound (210 mg). 

10 

»H-NMR (CDQa. 400 MHz): 5 12.30 (s, IH); 7.48 (m, 6H); 735-7.22 (m. 9H); 6.92 (d. J 
= 9.0 Hz, IH); 6.31 (d. J= 2.4 Hz, IH); 6.24 (dd, /= 2.4. 8.8 Hz. IH); 6.08 (br. S. IH); 
2.80 (m, IH); 0.85 (m, 2H); 0.60 (m. 2H). 

15 Step ni: 

Ar-Cyclopropyl-2-[(2S)-oxiran-2-ylmethoxyl-4-(trityIoxy)beiizaiiiide 
A mixture of (2S)-oxiran.2-yhnethyi-3-nitrobenzenesul&nate (119 mg, 0.459 mmol). 
JV-cyclopropyl-2-hydroxy-4-(trityloxy)benzamide (200 mg, 0.459 rmnol) and cesium 
carbonate, CS2CO3, (186.2 mg, 0.573 mmol) in dimethylformamide (3 mL) was kept on 
20 stirring at room temperature overnight. The reaction mixture was partitioned between 
ethyl acetate and water. The organic layer was dried ova- sodium sulphate, Na2S04, 
filtered, concentrated and the residue was purified by siUca gel flash chromatography 
(0-40% ethyl acetate in petroleum edier) to give the subtitled compound (160 mg). 

25 'H-NMR (CDa3. 400 MHz): 8 8.04 (s, IH); 7.86 (d, J= 8.8 Hz. IH); 7.73 (br.d, 7= 3.0 
Hz. IH); 7.46-7.39 (m. 5H); 7.34-7.23 (m, 9H); 6.44 (dd, 7= 2.2, 8.8 Hz. IH); 6.23 (d, J- 
2.2 Hz. IH); 4.03 (dd. 7= 2.7. 10.8 Hz. IH); 3.68 (dd. /= 5.0, 10.8 Hz, IH); 3.23 (m, IH); 
2.88 (m, 2H); 2.70 (dd, 7» 2.7, 4.9 Hz, IH); 0.80 (m. 2H); 0.58 (m. 2H). 
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Step IV: 

2-{lC2S)-3K5-CaUoro-l'J?^ir-spiroll4)cn2otoaii-2,4'^piperidlBl-l'-yI)-2- 
hydroxypropylloxy}-iV-cyclopropyl-4-hydroxybeiizainide 

A mixture of Ar"K^clopropyl-2-[(2S)-oxiran-2-ylmethoxyH-(trityloxy)beiizam (152 mg, 
0.307 mmol) and 5-chloro-3/f-spiro[l-beiJZofuran-2,4'-piperidine] (69 mg, 0.307 nnmol) in 
ethanol (3 mL) was kept on stirring at 80 *C overnight The volatiles were removed in 
vacuo and the residue was treated with 80% aqueous acetic acid (10 mL) at reflux for 90 
nun. Hie volatUes were removed in vacuo and the residue was purified by silica gel flash 
chromatogr^y (0-3% methanol in dichloromethane, 02%NH4OH) to give the titled 
compound (75 mg). 

•H-NMR (CD3OD. 400 MHz): 5 7.83 (d, J= 8.4 Hz, IH); 7.13 (m, IH); 6.94 (dd, 2 J, 
8.4 Hz. IH); 6.65 (d, J= 8.4 Hz. IH); 6.51-6.45 (m, 2H); 4.21-4.13 (m. 2H): 4.08-4.02 (m, 
IH); 3.01 (s, 2H); 2.90 (m, IH); 2.75 (hr.s, 4H); 2.58 (d, J= 6.2 Hz, 2H); 1.98 (m, 2H); 
1.88 (m, 2H); 0.80 (m, 2H); 0.65 (m. 2H). 
APCI-MS: m/z 473(MH*). 

Example 26 

2-{I(2S>3-(5-Cldon>-l»JT,3a^spiro[l-beiizoftii«n-2/l'-pU?eridin]-l'-^^^ 
me1iiylpropyl]oxy}-iV-cyclopropyM-hydroxybeiuaimIde 

Step I: 

iV-Cyclopropyl-2-hydroxy-4-[(4-methoxybenzyl)oxylbenzamide 
Methyl 2-hydroxy-4-[(4-medioxybenzyl)oxy]beazoate (Percec, V; Tomazos, D. J. Mater. 
Chem. 1993, 3, 643-650) (530 mg, 1 .83 mmol) was dissolved in cyclopropyl amine (3 mL) 
and left at room temperature for a week. The volatiles were removed in vacuo and the 
residue was purified by silica gel flash chromatography (0-40% etiiyl acetate in petroleum 
ether) to give the subtitled compound (407 mg). 
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'H-NMR (DMSOdfi, 400 MHz): 8 13^0 (br.s, IH); 8 J6 (d, 2.7 Hz, IH); 7.72 (d, 7= 
8.7 Hz, IH); 7.38-7.33 (m, 2H); 6.96-6.92 (m, 2H); 6.49-6.45 (m, 2H); 5.00 (s, 2H); 3.79 
(s, 3H); 2.80 (m, IH); 0.78 (m, 2H); 0.58 (m, 2H). 

3 Step II: 

[0^)-2-Mediyloziranyl]iiiethyI3-iiitrobenzenesuIfonate 

To an oven-dried 1000 mL fbree-necked flask was added powdered activated molecular 
sieves (8.0 g, 4A) and dichloiomeUiane, CH2CI2, (440 xnL), D-(->diisoptopyl tartrate (4 
mL, 14.2 mmol) and 2-methyl-2-propene-l-ol (20 mL, 240 mmol) was added and the 

10 mixture was cdoled to -20 "C. Tttanium tetraisopn^oxide (3.5 mL, 11.9 fflmol) was added 
with a few mL of dictoloromrtiiane and the mixture was stined at -20 ''C for 30 min. 
Cumene hydroperoxide (75 mL. 430 mmol) was added dropwise over 1.5 hours 
TtmiTitniTimg the temperature at -20 "C. The mixture was stirred at this temperature 
overnight Trimethyl phosphite (40 mL, 340 mmol) was added dropwise over 5 hours 

15 maintaining the temperature at -20 °C. Triethyl amine (50 mL, 360 mmol) and 

4-dimethylaminopyridine (DMAP) (3.48 g, 28.5 mmol) was added followed by a solution 
of 3-nitrobenzenesulphonyl chloride (47 g, 212 mmol) ui dichloromethane (400 mL). The 
temperature was raised to -10 and the mixture was stiired at this temperature overnight 
AftCT removing the external cooling vessel, the reaction mixture was filtoed ttuough celite. 

20 The organic phase was washed with 1 0% tartaric acid (500 mL), saturated so(Kum 

hydiogencarbonate, NaHCOj. (300 mL) and brine (300 mL). The organic layer was dried 
over magnesium sulphate, MgS04, and concentrated in vacuo to give 150 g of a yellow oil. 
The CTude material was purified by silica gel flash chromatography (0-50% efliyl acetate in 
heptane) to give the subtided compound (48.8 g). 

2S 

'H-NMR (COaj, 400 MHz): 5 8.79-8.75 (m, 1H);.8.52 (ddd, /= 1.1, 2.3, 8.3 Hz, IH); 
8.25 (ddd, J= 1.1, 1.8. 7.8 Hz, IH); 7.81 (t. 8.5 Hz, IH); 4.28 (d, J= 11.3 Hz, IH); 
4.05 (d, J- 1 1.3 Hz, IH); 2.73 (d, 4.4 Hz, IH); 2.67 (d, 7« 4.4 Hz, IH); 1.56 (s, 3H). 
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Step m: 

iV-Cyclopropyl-4-((4.mcthoxybciizyD0xyl-2-{I(^^ 
yl)methoxy}betizajiiide 

A mixture of [(2S>2-methyloxixm-2-yl]methyl3-mtroben2enesul^^ (218 mg, 0.797 
namol), JV^cyclopropyl-2-hydioxy-4-[(4-meAoxybenzyl)oxy]ben^^ (250 mg, 0.797 
mmol) and cesium carbonate, CS2CO3, (311 mg. 0.956 mmol) in dimethylforraamide 
(5 mL) was kept on stirring at room temperature overnight The ration mixture was 
partitioned between ethyl acetate and water. The organic layer was dried over sodium 
sulphate, Na2S04, filtered, concentrated and the residue was pmified by silica gel flash 
chromatography (0-40% ethyl acetate in petroleum ether) to give the subtitled compound 
(260 mg). 

*H-NMR (CDCI3, 400 MHz): 8 8.19 (d, /= 8.8 Hz, IH); 7.90 (d, 3.0 Hz, IH); 738- 
7.33 (m, 2H); 6.96-6.92 (m, 2H); 6.70 (dd, J = 23, 8.8 Hz, IH); 6.48 (d, J« 23 Hz, IH); 
5.02 (s, 2H); 4.14 (d, J"= 103 Hz, IH); 4.06 (4^= 10.3 Hz, IH); 3.80 (s, 3H); 3.04-2.98 
(m, IH); 2.94 (d, J« 4.7 Hz, IH); 2.87 (d, 4.7 Hz, IH); 1.50 (s, 3H); 0.86 (m, 2H); 
0.65 (m,2H). 

APCI-MS: m/z 384(MH^. 
Step IV: 

2-{I(2S)-3-(5-CWoro-l'iy,3fl^pIro(14>enzoliii^ 
metfaylpropyl]oxy}-Ar-^cIopropyM-K4-methoxybeiiz^ 

A mixture of 5Hchloro-3/y-spiro[l-benzoforan-2,4*-.piperidine] (70 mg, 0.313 mmol) and 
iV'Cyclopropyl-4-[{4-methoxybenzyl)oxy>2-{[(2S)-2-metUoxira^ 

meAoxy}benzamide (120 mg, 0313 mmol) m ethanol (3 mL) was kept on stiiring at 80 °C 
for 6h. The volatiles were removed in vacuo and the residue was purified by silica gel 
flash chromatography (0-1% methanol in dichlorometfaane, 0.2% ammonium hydroxide 
NH4OH) to give the subtitled compound (100 mg). 



59 



>H-NMR (CDCl,. 400 MHz): 8 8.22-8.15 (m, 2H); 7 J9-7.34 (m. 2H); 7.13-7.06 (m. 2H); 
6.97-6.92 (m. 2H); 6.72-6:66 (m. 2H); 6.50 (d. 7 = 2.3 Hz. IH); 5.08 (s, 2H); 3.88 (s, 3H); 
3.05 (m. IH); 2.99 (s. 2H); 2.90 (m, 2H); 2.75 (m, IH); 2.66 (d. /= 13.8 Hz. IH); 2.64 (m 
IH); 2.49 (d. /= 13.8 Hz. IH); 1.99 (m. 2H); 1.82 (m. 2H); 1.60 (br.s. 2H); 1.33 (s. 3H); 
0.86 (m, 2H); 0.65 (m, 2H). 
APCI-MS: m/z 607(MH*). 



St^V: 

2-{((2S)-3K5-Cliloro-rff.3H-«piroll4>eiizofiiran-2^'-^ 
inethylpropylloxyl-iV-cycloproiiyM-hydroxybenzaa^ 
2.{[(2S).3.(5-Chloio-l'fr.3Jy-spiio[l-benzo&ran-2.4'-piperi 

methylpropyl]oxy}-iV^lopropyl-4-E(4-methoxybeiHyD^^ (80 mg. 0.131 

nimol) was treated with 10% tiifluotoacetic add in dichloromethane (10 mL) at lOom 
temperature for 15 min. The volatiles were removed in vacuo and the residue was purified 
by siUca gel flash chromatography (0-2% methanol in dichloromethane, 0.2% ammonium 
hydroxide, hTHiOH) to give the titied compound (40 mg). 

'H-NMR (CDjOD. 400 MHz): 5 7.83 (m. IH); 7.12 (m, lk)\ 7.03 (dd, 7= 2.3. 8.5 Hz, 
IH); 6.64 (d, /= 8.5 Hz. IH); 6.49-6.45 (m. 2H); 4.09 (d. J- 9.2 Hz, IH); 3.90 (d./= 9.2 
Hz, IH); 2.99 (s. 2H); 2.92 (m, IH); 2.79 (m. 2H); 2.66 (m, 2H); 2,58 (d. J- 13.9 Hz, IH); 
2.50 (d. J- 13.9 Hz. IH); 1.93-1.75 (m, 4H); 1.31 (s. 3H); .80 (m, 2H); 0.68 (m, 2H). 
APCI-MS: m/z 487(MH*). 

Example 27 

2-{[(M)0-(S-arfoi^l»H^H-spiroll-beiizofuran-2,4'-piperidi^^ 
liydroxypropyI]oxy}-N-mediylb«azamide 



Step I: 

2-Hydroxy-iV-inethyIbenzaniide 
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A solution of mettiyl salicylate (S.16 inL» 40 mmol) in methanol (10 mL) was added 
diopwise to aqueous 40% metfaylamine (1 8.1 mL, 21 0 mmol) at 0 ^C. After addition was 
complete fhe reaction mixture was kept on stilting at room temperature overnight The 
volatiles were removed in vacuo to give the subtitled compoimd (5.48 g). 

s 

^H-NMR (CX>30D, 400 MHz): 5 7.70 (dd, J = 1.5, 7.9 Hz, IH); 7.38-7.32 (, 2H); 6.90-6.83 
(m,2H); 2.85 (s,3H). 

Step II: 

ID A^-Methyl*2-[(2S>-oxiran-2-yImethoxy]benzamide 

A mixture of (2S)-oxiran-2-ylmethyl*3-nitrobenzenesulfonate (388.5 mg, 1.50 mmol), 2- 
hydioxy-isr-methylbenzamide (226.5 mg, 1.50 mmol) and cesium carbonate, C52CO3, 
(586 mg, 1 .80 mmol) in dim'ethylfoimamide (6 mL) was kept on stirring at room 
temperature ovemigiht. The reaction mixture was partitioned betwem ethyl acetate and 

15 water. The organic phase was dried over sodium sulphate, Na2S04, filtered and 

concentrated. The residue was purified by silica gel flash chromatography (0-50% ethyl 
acetate in petroleum ether) to give the subtitled compound (284 mg). 

*H.NMR (CDCI3, 400 MHz): 8 8.39 (m, IH); 7.90 (br.s, IH); 7.06-6.98 (m, 2H); 6.95-6.89 
20 (m, IH); 4.38 (dd,/«2.5, 11.4 Hz, IH); 3.98 (dd,y== 6.0, 11.4 Hz, IH); 3.40 (m, IH); 
2.97 (t, 5.0 Hz, IH); 2.81 (dd, 2.?, 4.8 Hz, IH); 2.21 (s, 3H). 
APCI-MS: m/z 208(MH*). 

Step ni: 

25 2-{[(2S)-3-(5-Chloro-l'£r,3£^-spiro{l-benzofuran-2,4'-piperid^^ 
hydroxypropyl]oxy}-iV-methylbenzamide 

A mixture of 5-chloro-3^r-spiro[l-benzo£uran-2,4'-piperidine] (40 mg, 0.178 mmol) and 
JV^-methyl-2-[(2S)-oxiran-2-ylmethoxy]benzamide (37 mg, 0.178 mmol) in ethanol (2 mL) 
was kept on stirring a:t 80 °C overnight The volatiles were removed in vacuo and the 
30 residue was purified by silica gel flash chromatography (0-1 .5% methanol in 



61 



dichloromethane, 0.2% ananonium hydroxide, NH4OH) to give &e titled compound (46 
mg). 

^H-NMR (CD3OD, 400 MHz): 5 7.99 (dd, /= 1 .4, 8.0 Hz, IH); 7.14 (m, IH); 7.1 1-7.00 
(m. 3H); 6S2 (m, IH); 6.65 (d, /= 8.5 Hz, IH); 4.20 (m, IH); 4.13 (dd, J= 3.2. 9.9 Hz. 
IH); 358 (dd, J- 6.3, 9.9 Hz, IH); 3.01 (s, 2H); 2.76-2.65 (br.s. 4H); 2.62 (dd, 1.4, 5.4 
Hz, 2H); 2.18 (s, 3H); 1.98-1.92 (m. 2H); 1.89-1.79 (m, 2H). 
APCI-MS: m/z 487(MH*). 

RTum ple 28 , 

2^I(2S)-3-(5-Cliloro-l'H,3ff-spiroll4)eiizoluriui-2,4»-pU^^ 
iiiethylpropylloxy)-4-hydroxy-A^methyIbeii2aaUde(trffluoro^ 

Step I: 

2-Hydroxy-4-I(4-inetiioxybeiizyI)o^l-JV-Biefliylb«izaiiiide 

To a suspension of methyl 2-hydroxy-4-[(4-methoxybenzyl)oxy]benzoate (500 mg, 1.73 
iranol) m methanol (1 5 mL) was slowly added aqueous 40% methylamine (3 mL) at 0 "C. 
After addition was complete the reaction mixture was kept on stirring at room temperature 
for 2 days. The volatiles were removed in vacuo to give the siibtitted compound (500 mg). 

>H-NMR (DMSO-d^ 400 MHz): 8 13,20 (br.s, IH); 8.60 (m, IH); 7.70 (d,y- 8.8 Hz, 
IH); 7 J5 (m, 2H); 6.96-6.92 (m, 2H); 6.50 (dd, J= 2.6, 8.8 Hz, IH); 6.42 (d. J = 2.6 Hz, 
1H)5.04 (s. 2H); 3.76 (s, 3H); 2.79 d. J= 4.6 Hz, 3H). 
APCI7MS: m/z288(MH*). 

Stepn: 

4-l(4-MettioxybenzyI)oxyl-iV.methyl-2-{I(2S)-2-methyloxiraii-2- 
yI]medMny}beiizamide 

A mixture of ((2S)-2-methyloxiran-2-yl]methyl3-nitrobenzenesulfonate (133 mg. 0.487 
mmol), 2-hydroxy-4-[(4-methoxybenzyl)oxy]-iV-methylbenzamide (140 mg, 0.487 mmol) 
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and cesium caxbonate, CS2CO3, (198 tag, 0.608 mmol) in dimettiylfonnamide (S mL) was 
loBpt on sdtxing at room ten^erature ovemighL The reaction mixture was paztitioned 
between ethyl acetate and water. The organic layer was dried over sodium sulphate, 
Na2S04, filtered and concentrated. The residue was purified by silica gel flash 
chromatography (0-60% eihyl acetate in petroleum edier) to give the subtitled compound 
(130 mg). 

'H-NMR (COas, 400 MHz): 5 8.18 (d, J= 8.8 Hz, IH); 7.82 (m, IH); 7.37 (m, 2H); 6.97- 
6.92 (m. 2H); 6.71 (dd J= 2.3, 8.8 Hz, IH); 6.53 (d, J= 2.3 Hz. IH); 5.01 (a, 2H); 4.18 (d, 
J= 10.5 Hz, IH); 4.10 (d, /= 10.5 Hz, IH); 3.85 (s, 3H); 3.02 (d, 4.9 Hz, 3H); 2.97 (d, 
y= 4.6 Hz, IH); 2.80 (d, J= 4.6 Hz, IH); 1.50 (s, 3H). 
APCI-MS: m/z 358(MH*). 

Step m: 

2-{{C2S)-3K5-Cfaloro-l*J7,3H-spircIl-benzofuran-2,4*-p^eridin]-l*-yl)-^ 
methylpropyqoxyH-[(4-nietibioxybenzy])oxy]-iVHnediylbenzaiiud 
A mixture of S-cbloro-3ir-^iro[l-benzofiiran'2,4*-pipeiidine] (70 mg, 0.313 mmol) and 
4-[(4-methoxybea2yl)oxy]-Mmediyl-2-{[(2S)-2-me&yloxiran-2-yl]medioxy}beiizamide 
(1 12 xng, 0.3 13 mmol) in ethanol (2 mL) was kept on stiiiing at 80 °C foe 4.5 h. Ihe 
volatiles were removed in vacuo and the residue was purified by silica gel flash 
duromatogrqdiy (0-1.5% methanol in dichloromeifaane, 0.2% ammonium hydroxide, 
NH4OH) to give die subtitied compound (1 35 mg). 

*H-NMR (CIXHs, 400 MHz): 5 8.18 (d, 7= 8.7 Hz, IH); 8.12 (m, IH); 7.39-7.35 (m, 2H); 
7.12 (m, 2H); 7.08 (dd, J = 2.3, 8.5 Hz, IH); 6.97-6,92 (m, 2H); 6.72-6.66 (m, 2H); 6.52 
(d, y= 2.3 Hz, IH); 5.05 (s, 2H); 3.90 (m, 2H); 3.82 (s, 3H); 3.0 (d, 7= 4.9 Hz, 3H); 2.98 
(s, 2H); 2.94-2.84 (m, 2H); 2.73 (m, IH); 2.69 (d, 13.9 Hz, IH); 2.63 (m, IH); 2.49 (d, 
y= 13.9 Hz, IH); 1.99 (m, 2H); 1.82 (m, 2H). 
APCI-MS: m/z 581(MH^. 
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Step IV: 

2-{[(2S)-H5<Moro^lW^jar-spiroIl-bcii2ofura^^^ 
metfaylpropylloxy}-4-hydroxy-iV-mediyIbenzaiiiide(tr^ 

2-{[(2S)-3-(5-ailott>-lW,3^r-spm)[l-benzofurm^ 
5 methylpropyI]oxy}-4-t(4-methoxybeIl2yl)oxy3-^'-m^ (125 m& 0.215 ininol) 

was treated with 10% trifluoroacetic acid in dichloromethane (10 mL) at room temperature 
for 20 min. The volatiles were removed in vacuo and the residue was purified by HPLC 
(acetonitrile/water (CH3CN/H2O), 0.1% trifluoroacetic acid) to give the titled compound 
(50 mg). 

10 

^H-NMR (CD3OD, 400 MHz): 5 7.52-7.47 (m, IH); 7.20 /br.s, IH); 7.10 (dd, J= 2.3, 8.5 
Hz, IH); 6.75 (d. 8.5 Hz, IH); 6.52 (br.s, IH); 6.49 (dd, J= 2.1, 8.5 Hz, IH); 4.20 (m, 
2H); 4.00 (m. IH); 3.62-3.35 (m, 4H); 3.18 (2xs, 2H); 3.90 (2xs, 3H); 2.60 (m, 2H); 232- 
2.05 (m,3H); 1.39 (s,3H). 
IS APa-MS:m/z461(MH*). 

Example 29 

2-{I(2S)J-(5-CUoro-lWfi-spiroIl-beiizofu^^ 
hydroxy]oxy}-4-hydroxy-iV-metf&ylbenzamide 

20 

Step I: 

4-I4-Methoxybeiizyl)oxyl-iV-mcthyM-t(2S)-K>xi^ 

A mixture of (2S)-oxiran-2-ylmethyl3-mtrobenzcnesulfimate (151 mg, 0.584 mmol), 
methyl 2-hydit>xy-4-[(4-methoxybenzyl)oxyIbenzo.ate (168 mg, 0.584 mmol) and cesium 
25 carbonate, CS2CO3, (228 mg, 0,70 mmol) in dimethylformamide (4 inL) was kept on 
stirring at room temperature overmght The reaction mixture was partitioned between 
ethyl acetate and water. The organic layer was dried over sodium sulphate, Na2S04, 
filtered and concentrated. The residue was purified by silica gel flash chromatogr^hy 
(0-90% ethyl acetate in petroleum ether) to give the subtitled compound (150 mg). 
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'H-NMR (DMSOds, 400 MHz): 5 7.90 (m, IH); 7.75 (d. 7= 8.7 Hz. IH); 7.37 (d, J= 8.6 
H2, 2H); 6.96^.91 (m, 2H); 6.74 (d, /= 2.3 Hz. IH); 6.68 (dd. 7= 2.3, 8.7 Hz, IH); 5.08 
(s, 2H); 4.48 (dd, J= 2.5, 1 1 .5 Hz, IH); 4.04 (dd, /= 6.0. U .5 Hz, IH); 3.78 (s, 3H); 3.45 
(m, IH); 2.86 (t, J= 4.9 Hz, IH); 2.79 (d, J= 4.7 Hz, 3H); 2.73 (dd, 7= 2.7, 5.0 Hz, IH). 
5 APCI-MS:nQ/z344(MH*). 

StepII: 

2^[^-3K5-CWo«»-lW,3J»4piroll-beiizofui^-2,4»-piperidinl-l'^^ 
hydr«ypropyIloxy}-4-[(4-methoxybenzyOoxyl-iV-methylbenz^ 

10 A mixture of 5-chloro-3fl^spiro[l-benzofaran-2,4*-piperidine] (70 mg, 0.3 13 nnnol) and 
4-[4-mettioxyberazyl)o3^]-J\^mefliyl-2-[(2S>oxiraii-2-ybne&oxy]be^^ (107.5 mg, 
0.313 xomoQ in edianol (3 mL) was kept on stirring at 80 "C for 6h. The volatUes were 
removed in vacuo and the residue was purified by silica gel flash chromatography (0-1% • 
methanol in didiloromethane. 0.2% ammonium hydroxide, NH4OH) to give &e subtitled 

IS compound (1 22 mg). 

*H-NMR (COas, 400 MHz): S 8.18 (d, J= 8.8 Hz, IH); 8.10 (m, IH); 7.34 (d, /= 8.7 Hz. 
2H); 7.14 (br.s, IH); 7.08 (m, IH); 6.95 (d, 8.7 Hz, 2H); 6.70 (m, 2H); 6.55 (d, J= 2.1 
Hz, IH); 5.08 (s, 2H); 4.22-4.12 (m. 2H); 3.98 (dd, J= 5.3, 9 J Hz, IH); 3.85 (s, 3H); 3.01 
(5. 2H); 3.00 (d. 7 = 4.8 Hz, 3H); 2.95-2.87 (m, IH); 2.80 (m, IH); 2.65-2.50 (m, 4H); 2.01 
(m,2H); 1.82 (m,2H). 
APCI-MS: m/z 567(MH*). 

Step m: 

2-{[(2S)-3-(5-CWoro-l»H;3H-spiro[l-benzofiuran-2y4'-piperidinl-l'-yI)-2- 
hy droxy] oxy}-4-hydroxy-N-methyIbenzamide 

2-{[(2S>3-(5-ailoro-l 'J9;3H-spin>[l-benzofuran-2,4'-piperidin]-l '-yl)-2- 
lQrdroxypropyl]oxy}-4-[(4-methoxybenzyl)o:(y]-7V-methylbCTzamide (1 10 mg, 0.194 
mmoi) was treated with 10% trifluoroac^c acidin dichlorometfaane (10 mL) at room 
temperature for 20 min. The volatiles were removed in vacuo and the residue was purified 
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by siUca gel flash chromatography (0-3% methanol in dichloromethane, 0^% ammonium 
hydroxide, NH4OH) to give the titied con^und (45 mg). 

'H-NMR (CD3OD, 400 MHz): 5 7.81 (d, J= 8.7 Hz, IH); 7.13 (m, IH); 7.04 (dd, 7= 2.3. 
8.5 Hz. IH); 6.66 (d. J- 8.5 Hz, IH); 6.52 (d. J= 2.2 Hz, IH); 6.48 (dd, IX 8-6 Hz, 
IH); 4.25-4.17 (m, 2H); 4.05 (m, IH); 3.02 (s, 2H); 2.92 (s, 3H); 2.70 (br.s, 4H); 2.60 (d, J 
= 6Jl Hz, 2H); 1.94 (m, 2H); 1.84 (m, 2H). 
APa-MS: m/z 447(MH^. 

Example 30 

iV-C^{IC2S)-M5-Caaoro-l»fl^pirotl,3-beo2odtoxoIe-2.4'-p^ri^ 
hydroxypropyIloxy}-4-liydroiypheiiyOacetamide trifluoroacetate 

EfliyIS-cWoro-l'H'«piro(l>baizodioxole-2,4^plperidinel-l'-car1)oi^late 

A mixture of ethyl 4-oxopiperidine-l-caiboxylate (1.71 g, 10 mmol), 4-dilOTobenz«xe.l,2- 
diol (1.73 g, 12 mmol), and a catalytic amount of 4-melhyIbenzenesulfonic acid hydrate in 
dry toluene (30 ml) were refluxed wiih water s^arator for 7 h. After cooling, the reaction 
mixture was washed with 2N sodium hydroxide (2 x 25 ml), and the solvent was removed 
in vacuo. Flash chromatography on silica gel (hq»tane/ethyl ac^te, 2 : 1) of the residual 
semi-soUd product afforded ethyl 5-chloro-riy-spiro[l,3-benzodioxole-2,4'-piperidine3-l'- 
caiboxylate as colourless crystals (0.43 g, 15 %). 

APCI-MS: m/z 298 [MH*]. 

'H-NMR (400MHz, CDCI3): 5 6.77 (m, 2H), 6.67 (m, IH), 4.16 (q, 2H, J= 7.1 Hz), 3.67 
(t. 4H. J- 5.7 Hz), 1.98 (^ 4H, 7 = 5.7 Hz), 1 .28 (t, 3H, 7= 7.1 Hz). 

Step II: 

5-ChlorospIroll3-beiizodioxoIe-2,4'-plp6ridine] 
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Ethyl 5-cMoro-lW-spiro[1.3-beiizodioxole-2,4'-piperidme>l'-caAoxylate(0.43 g, 1.45 
mmol) was dissolved in ethanol (5 ml) and wat^ (0.4 ml). Sodium hydroxide (0.2 g) was 
added followed by reflux for 2 days. After cooling, the solution was concentrated in 
vacuo, and addified with 10 % HQ to pH < 1. AftK the gas evolution had ceased, the 
5 solution was made alkaline by addition of sahirated aqueous sodivnn hydrogencarbonate, 
NaHCOs, and extracted with di<dil(ax)methane. Drying with sbdium sulphate, Na2S04, and 
evaporation offbs solvent afibrded a colourless solid (0.28 g, 1.2 mol, 86 %). 

APCI-MS: m/z 226 [MH*]. 
10 *H-NMR (400MH2, CDCI3): 8 6.6 - 6.9 (m, 3H), 3.06 (t, 4H, 5.0 Hz), 1.99 (t. 4H, / = 
5.2 Hz). 

Stepm: 

A^-{tC25>-3-(5<:Moro-l'i3Hspii«ll^-ben2odioxoIe-2,^ 
15 hydroxyprq^l]oxy}-4-hydroxyphenyI)acetaDiide trifluoroacetate 

A solution of 5-chlon>spiro[l,3-benzodioxole-2,4'-piperidine] (45 mg, 0.2 mmol) and 
4-(acetylamino)-3-[(2iS)-oxiran-2-ylmethoxy]phenyl ac^te (53 mg, 0.2 mmol) in 
methanol (5 ml) was refluxed for 1 5 h. The solvent was distilled off under reduced 
pressure. The residue was purified by preparative HPLC QCromasil colxmm; eluent: 
20 [acetonitrile + 0.1 % trifluoroacetic acid (TFA)/water + 0. 1 % TFA]) to afford the tifled 
compound as a colourless solid (37 mg, 0.07 mmol, 33 %). 

APCI-MS: m/z 449 [MH*]. 

'H-NMR (400MHz, acetone-d<i): 5 8.47 (br. s, IH), 7.93 (d, IH, .7= 8.7 Hz), 6.8 - 7.0 (m, 
23 3H), 6.53 (d, IH, J = 2.6 Hz), 6.41 (dd, 1 H, J = 2.6 Hz, J = 8.7 Hz); 4.54 (m, IH), 4.08 
(m, 2H), 3.66 (m, 2H), 2.51 (m, 4H), 2.08 (s. 3H), 2.06 (m. 4H). 
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Example 31 

A'-<2-{[C!S>-3K5-CWoro-l'ir-spiro(1^4»enzodioxoIe-2i4'-piperidinl-^ 
2-methylpropylloxy}^hydroxyphenyDacetamide trifluoroacetate 
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The title compound was prepared as described in Example 1 from 5-clilorospiro[U- 
benzodioxole.2,4'-piperidinel (45 mg. 02 mmol) and 4-(acetylamino)-3.{[(25).2. 
methyloxiian.2.yl]m6thoxy}phenyl benzoate (68 mg. 02 mmol) as a colourless soUd 
(30 mg, 0.05 mmol, 26 %). 

APCI-MS: m/z 463 \JMSt]. 

•h-NMR (400MH2, acetonoKU): 8 8.59 (br. s, IH). 7.73 (d, IH, J = 8.7 Hz), 6.8 - 7X) (m, 
3H), 6.58 (d, IH. 7 = 2.6 Hz), 6.42 (dd. IH, / - 2.6 Hz, J - 8.7 Hz), 4.42 (d. IH. J = 9.7 
Hz). 3.97 (d. IH. J = 9.7 Hz). 3.71 (d. IH. J = 14 Hz). 3.54 (d, IH. J = 14 Hz). 2.52 (m. 
4H), 2.09 (s, 3H). 2.06 (m. 4H). 1.51 (s. 3H). 

Example 32 

iV-(4-Hydroxy-2-{l(25)-2-hydroxy-3-(l'ff^piroll^eiizod^ 
. yI)propylloxy}phenyOacetomide trifluoroacctate 

The title compomid was prepared from spiio[1.3-benzodioxole.2,4'-piperidine] (B. K. 
Moltzen. J. Pertengaard. E. Meier, J. Med. Chem. 1995, 38 (11), 2009 - 2007) 
(38 mg, 0.2 mmol) as described Example 30. Yield 78 mg. 0.15 mmol, 74 %. 

APCI-MS: m/z 415 [MH*1. 
20 'H-NMR (400MH2, acetone-de): 5 7.90 (d. IH. J = 8.7 Hz), 6.87 (s, 4H), 6.53 (d. IH, J = 
2.6 Hz). 6.75 (dd, IH. J - 2.6 Hz, . / - 8.7 Hz), 4.56 (m, IH, ). 4.08 (m, 2H), 3.69 (m, 
2H), 2.46 (m, 4H). 2.09 (s, 3H). 2.07 (m, 4H). 

ir.»ain ple 33 

25 AK4-Hydroxy-2-{l(25)-24iydroxy-2-methyl.3Kl'ir-spiroIl^beilzodi^^^^^ 
piperidiiil-l'-yl)propylloxy}pheiiyl)acetamidetrifluoroacetate 
Tlxe title compound was prepared from apiro[1.3-benzodioxole.2,4'-piperidine] (38 mg. 0. 
mmol) as described in Example 31. Yidd 88 mg, 0.16 mmol, 81 %. 



IS 
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APCI-MS: m/z 429 [MH*]. 
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^H-NMR (400MHz. acetone^): 5 7.68 (d, IH, / = 8 J Hz). 6.86 (s, 4H), 6.60 (d, IH, /= 
2.5 Hz)i 6.43 (dd. IH, J - 2.6 Hz, •/ = 8.7 Hz), 4.06 (d. IH, J = 9.7 Hz). 3.98 (d, IH, J = 
9.7 Hz), 4.03 (d, IH, / = 9.7 Hz), 3.77 (d, IH, / = 13.6 Hz). 3.60 (d. IH, J = 13.6 Hz), 
2.51 (m, 4H), 2.10 (s, 3H), 2.08 (m, 4H), 1.52 (s, 3H). 

s 

^ Intermediate Compound: 5-<:;Uoro-3ff-spiro[24>enzofiuran-l,4'-piperidine] 

Step I: 

l**Benzyi-5-^oro-3Jy-spiro{2-ben2ofui^-l,4*-piperidin]-3-one 
10 To a solution of 2-bromo-5-chloroben2oic acid (2.35 g, 1 0.0 mmol) in tetrahydrofuran 
(THF) (1 5 mL) was added, a 1 .6 M solution in hexane, n-butyllithium (20 mL, 32.0 nnnol) 
slowly at -78 imder nitrogen. After addition was complete the reaction mixture was 
kept on stirring at -78 for 3 h. Then a solution of l-ben2ylpiperidin-4-one (3.78 g, 20.0 
mmol) in THF (10 mL) was added slowly to the reaction mixture at -78 ^C. After addition 
15 was complete the ration temperature was raised to room temperature and the reaction 
mixture was kept on stirring at room temperature overnight The reaction mixture was 
poured into a mixture of water (60 nsL) and diethyl etiier (60 mL), layers were separated. 
The aqueous layer was extracted with diethyl ether (2 x 20 mL). The aqueous layer was 
acidified vrith aqueous 6M hydrochloric acid (HCl) to pH 2 and boiled for 1 fa, cooled to 0 
20 ^C. pH was adjusted to 1 0.0 by addition of aqueous sodium hydroxide C^^aOH) (6M0 and 
rapidly extracted with tridiloromethane (CHCI3). The organic layer was washed with 
water, dried over sodium sulphate (Na2S04), filtered and concentrated in vacuo to give the 
: ;*; subtitled compound (1.22 g) and it was pure enough for the next stq>. 

25 'H-miR (CDQa, 400 MHz): 8 7.85 (m, IH); 7.65 (dd, J= 1.9, 8.2 Hz, IH); 
'{'.' 7.41-7.26-1.69 (m, 2H). 

APCI-MS:ni/z328(MH*). 



Step II: 

30 l'-Benzyl-5-cliloro-3H--spiro[2-benzofuraii-l,4*-piperidine] 
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To a sohition of 1 ^benzyl-5-dUoro-3H-spiro[2-ben2ofuran-l,^ (1-1 & 

3.35 mmol) in THF (12 mL) was added 1 M solution of borane complex in THF (7 mL, 7.0 
mmol) slowly at 0 ^C. After addition was complete reaction mixture was kept at room 
temperature for 30 min, then kept at reflux o vemi^t, cooled to 0 and 6M aqueous HCl 
(3.S mL) was added slowly. The reaction mixtiare was kept at refhix for 5h» cooled to 0 ^C, 
pH of the reaction mixture was adjusted to 10 by addition of aqueous NaOH (6M) and the 
whole was extracted with efltyl acetate. The organic layer was washed with water, dried 
over sodium sulphate (Na2S04X filtered, and concratrated in vacuo. The residue was 
purified by silica gel flash chromatography (0-30% ethyl acetate in petroleum ether), to 
give the subtitled compound (1.0 g). 

^H-NMR (CDCI3, 400 MHz): 5 7.40-7,06 (m, 8H); 5.03 (s, 2H); 3.60 (s, 2H), 2.87 (m, 
2H); 2.45 (m, 2H); L9S (m, 2H); 1.80 (m, 2H)- 
APCI-MS: m/2 3 14(MH*). 

Stepni: 

5>Chloro-3A^piro[2-benzoliuraii*M'-piperidine] 

To a solution of 1 •'benzyl-5-cWoro-3/r-spiro[24)en2»fm^ (950 mg, 3,02 

nmiol) in dichloromethane (CH2CI2) (6 mL) was added diloroelhyl chloroformate (560.6 
mg, 3.92 mmol) slowly at 0 ^C. After addition was complete the reaction mixture was kq>t 
on stirring at 0 '^C for 25 min. The volatiles were rraioved in vacuo, the residue was 
dissolved in methanol (6 mL) and kept at reflux for 40 min. The volatUes were removed in 
vacuo and the residue was purified by silica gel flash chromatography (0*5% methanol in 
dichloromefliane, 0.2% ammonium hydroxide, NH4OH) to give the titted compound (300 
mg) and r-ben2yl-5-cUoro-3if-spiro(2-bcn2ofuran-l,4'-piperidi^^ ivas recovered (320 
mg). 

'H-NMR (CD3OD, 400 MHz): 5 7.28-7.24 (m, 2H); 7.18-7.13 (m, IH); 5.00 (s, 2H); 2.95 
(m, 4H); 1.90-1.77 (m. 2H); 1.72-1.63 (m, 2H). 
APCI-MS: m/z 224(MH'^. 
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intermediate Compound; 5*nnoro-3J7--sptro[l-benzoforan<'2y4'*piperidine] 
Step I: 

5 1 '-Benzyl-5-fluoro-3J?-^piro[l-benzo{aran-2,4'-piperi 

To a stiiTing suspension of magnesium strip (763 mg) in di^yl eflier (7 mL) was added a 
crystal of iodine followed by 0.4 naL of 2-(bromomethyl)-l ,4-difliiorobenzene under 
nitrogen. The reaction was initiated with a high intensity heat gim, then 2-(biomomethyl)- 
1,4-difluorobenzQie (5.0 g, 24,25 mmol) in diethyl ether (7 mL) was added at such a rate 

10 that a gentle refliix was maintained. After addition was complete the reaction mixture was 
kept on stirring at reflux for 100 min, cooled to room temperature. To this reaction 
mixture a solution of l-benzylpiperidin-4-one (4.57 g, 24.25 mmol) in diethyl ether (12 
mL) was added dropwise with vigorous stining. After addition was complete a white cake 
was formed which was left overnight at room temperature. The cake was hydrolized by 

15 treatment with aqueous ammonium chloride (NH4CI) solution, extracted with diethyl ether. 
The organic layer was washed with water, dried over sodiimoi sulphate (Na2S04). filtered, 
concentrated and the residue was purified by silica gel flash chromatography (0-1% 
methanol in dichloromethane, 0.1% ammonium hydroxide, NH4OH) to give intmnediate 
compoimd l-b6n:^l-4-<2,S-difluorobenzyl)piperidin-4-ol (2.74 g) containing large amount 

20 of hnpurities. To a susp^ision of sodium hydride (NaH) (55%, 1 .12 g, 26.0 mmol) in 
toluene (10 mL) was slowly added a solution of l-b6nzyl-4-(2,5*di£luorobenzyl)piperidin- 
4-0I in toluene (15 mL). After addition was complete, the reaction mixture was kept on 
stirring at 1 1 0 (in a preheated oil bath), after 5 minutes dimethylformamide (9 mL) was 
added and stirring was continued at reflux for 2h. The reaction mixture was cooled to 

25 room temperature, water (20 mL) was added and extracted with ethyl acetate. The organic 
lay^ was dried over sodium sulphate (Na2S04), filtered, concentrated and the residue was 
purified by silica gel flash chromatography (0-1 .5% methanol in dichloromethane, 0. 1% 
ammonium hydroxide, NH4OH) to give the subtitied compound (190 mg). 
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'H-NMR (CDCI3, 400 MHz): 5 7.39.7,26 (m, 5H); 6,88-6.76 (m, 2H); 6.67 (dd, J= 4,2, 
8.7 Hz, IH); 3.59 (s. 2H); 2.99 (s, 2H); 2.68-2.47 (m, 4H); 2.03-1.94 8M, 2H); 1.86-1.76 
(m,2H). 

APCI-MS: m/z 298(MH*). 

5 

Step H: 

5-Fluoro-3^-5piro[14ieiizofiiran-2y4'«piperidme] 

Ethyl chlorofonnate (65.6ing, 0.604 mmol) was added to a solution of r-benzyl-5-fluoro- 
3i^.spiro[l-ben2ofuran-2,4^piperidme] (150 mg, 0.504 mmol) in toluene (2 mL) and the 

10 reaction mixture was refluxed overnight The reaction mixture was cooled to room 
temperature, diluted by addition of toluene, washed successively with aqueous sodium 
hydrogencarbonate (NaHCOa) and water. The organic layer was dried over sodium 
sulphate (Na2S04) filtered and concentrated in vacuo. The residue was dissolved in 
ethanol (3.5 mL), aqueous potassium hydroxide (KOH) (BOOmg KOH in 0.8 mL water) 

IS was added and the reaction nuxture was kept on stirring at reflux overnight, cooled to room 
tonperature, extracted with ethyl acetate. The oiganic layer was well washed with water, 
dried over sodium sulphate (Na2S04), filtered and concentrated. The residue was purified 
by HPLC (10% acetonitrile (CH3CN)-S5% CH3CN in vrater containing 0.1% ammonium 
hydroxide, NH4OH) to give ttie titled compound (49 mg). 

20 

*H-NMR (CD3OD, 400 MHz): 6 6.92^.87 (m, IH); 6.81^.75 (m, IH); 6.64 (dd, J= 4.2, 
8.7 Hz, IH); 3.08-2.98 (m, 4H); 2.89-2.81 (m, 2H); 1.92-1.83 (m, 2H); 1.78-1.71 (m, 2H). 
APa-MS: m/z 208CMH*). 

25 Intermediate Compoond: 5-Chloro-3ff-5piro[l-beiizofiiran-2^'-py]ToU^ 
Step I: 

l-*Beiizyl-3-(5HchIoro-2^fIuorobenzyI)pyrrolidin-3-ol 

To a stirring susp^ision of magnesium strip (1.39 g, 57.06 mmol) in diethyl ether (10 mL) 
30 was added a crystal iodine followed by 0.5 mL of 2-(bromomethyl>4-chloro-l - 
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fluorobenzeae under nitrogeii. The reaction was initiated wi& a Ugh intmdtylieatgu^ 
then a solution of 2-<bioni0methyl)-4-GUoTO*l-fiuoiobeDzene (I2.7S g, 57.06 nunol) in 
diethyl ether was added at such a speed that gmtle reflux was maintained. After addition 
was complete the reaction mixture was kept on stirrmg at reflux for 3.5 h, cooled to room 

5 temperature and a solution of l-benzyIpyrrolidin-3-one (10.0 g, 57.06 mmol) in diethyl 
ether (20 mL) was added dropwise with vigorous stirring. After addition was complete the 
reaction mixture was left overnight at room temperature. This reaction mixture was treated 
with aqueous ammonium chloride (NH4CI) solution and extracted with etiiyl acetate. The 
organic layer was washed with water, dried over soditmi sulphate (Na2S04), filtered, 

10 concentrated and the residue was purified by silica gel flash chromatography (0-2% 

methanol in dichloromethane, 0.2% ammonium hydroxide^ KH4OH) to give the subtitied 
compound (650 mg). 



^H-NMR (CDCI3. 400 MHz): 8 7,39-7.23 (m, 6H); 7.21-7.15 (m, IH); 6.98 (t. 7= 9.0 Hz, 
15 IH); 3.68 (d, 13.0 Hz, IH); 3.63 (d, J« 13.0 Hz, IH); 3.01-2,89 (m, 3H); 2.65 (d, •/= 
9.5 Hz, IH); 2.42-234 (m, 2H); 2.07-1.98 (m, IH); 1.88-1.75 (m, IH); 1.64 (br.s, IH). 
APCI-MS: m/z 320(MH*). 

Step n: 

20 l'-Ben2yl-5-cUorO'3JSr-spiro(l-beiizofnran-2,3'-pyrTO 

To a suspension of sodium hydride (NaH) (55%, 612 mg, 14.0 mmol) in tolume (10 mL) 
was added a solution of l-ben^l-3-(5-chIoro-2-fluorobenzyl)pyno]idin-3-ol (1.3 g, 4.06 
mmol) in toluene (20 mL) and the reaction mixture was kept on stining at reflux, after 5 
minutes dimethyl&rmamide (10 mL) was added and the reaction mixture was refluxed for 

25 90 minutes, cooled to room temperature, water (20 mL) was added and extracted with ethyl 
acetate. The organic layer was dried over sodium sulphate (Na2S04), filtered, concentrated 
and the residue was purified by silica gel flash chromatography (0-1.5% me&anol in 
dichloromethane, 0.2% ammonium hydroxide, NH4OH) to give the subtitied compound 
(560 mg). 
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^H-NMR (CD3OD, 400 MHz): 8 7.39-7.24 (m, 5H); 7.10 (s, IH); 7.06 (dd, J= 23, 8-5 Hz, 
IH); 6.68 (d, J= 8.4 Hz, IH); 3.73 (d, J= 13.0 Hz, IH); 3.70 (d, 7- 13.0 Hz, IH); 3.24 (d, 
J= 16,0 Hz, IH); 3^0 (d, J= 16.0 Hz, IH); 2.99 (d, 10.4 Hz, IH); 2.95-2-88 (m, IH); 
2.74-2.64 (m, 2H); 2.43-2.34 (m, IH); 2.1 1-2,02 (m, IH). 
5 APCI-^4S: m/z 300(NffiO. 

Stepm: 

5-C3doro-3LB^piro[l-beiizofuran-2;j'-pyrroU^ 

The csxpeximental piocedure is fhe same as described above for the corresponding 
10 pipoidine derivative using 1 •-bCT2yl-5-cUoro-3iy-q?iro[14iCT2ofuran-2,3'-py^^ 

(555 mg, 1.85 mmol), ethyl chlorofonnate (261 mg, 2.4 mmol), toluene (5 mL), potassium 
hydroxide (KOH) (3.0 g), water (3 mL) and ethanol (6 mL) to give the titled compound 
(240 mg) after silica gel flash chromatography (0-2% methanol in (fichloromethane, 0.2% 
ammonium hydroxide, NH4OH). 

15 

'H-NMR (CDCI3, 400 MHz): 8 7.13 (s, IH); 7.08 (dd. J= 2.3, 8.5 Hz. IH); 6.65 (d, J« 8.5 
Hz, IH); 3.32-3.16 (m, 4H); 3.07 (ddd,/=4.8, 9.1, 11.2 Hz, IH); 2.80 (d, J=12.3 Hz, 
IH); 2.33-2.24 (m, IH); 1.93 (ddd, J=7.3. 9.1, 13.7Hz, IH). 
APCI-MS: m/z 210(MH^. 

20 

Example 34 

iV-(2-{[(2S)-3-(5-Chioro.l'H,3jH^plroI2-beiizofuran-l,4'^pipcri^^ 
hydroxypropyl]oxy}-4-hydroxypheny0acetamide 

25 A mixture of 5-chloro-3//-spiro[2-bmzofuran-l,4'-piperidin] (29.3 tng, 0.131 mmol) and 
4-(acetylamino)-3-[(2S)-pxiran-2-ylmethoxy]phenyl acetate (35 mg, 0.131 mmol) in 
ethanol (1.5 mL) was kept on stirring at 80 ovemi^t. The volatiles were removed in 
vacuo and the residue was purified by HPLC (acetonitrile (CH3CN) 10-55% in water, 0.1% 
trifluoroacetic acid, CF3COOH) to give the titled compound (35 mg). 



30 



74 



'H-NMR (CD3OD, 400 MHz): 5 7.36 (m, 3H); 7^1 (d. /=» 8.7 Hz, IH); 6.50 (d, J= 2.4 
Hz. IH); 6.40 (dd, y = 2.4. 8.7 Hz. IH); 5.10 (s. 2H); 4.48 (tn, IH); 4.05 (d, J= 4.6 Hz, 
2H); 3.78-3.63 (m, 2H); 3.56-3.35 (m. 4H); 2.40-2.21 (m, 2H); 2.13 (s, 3H); 2.08-1.95 (m, 
2H). 

APCI-MS: valz 447(MH*). 
Example 35 

jV-(2-{[C2S)-3-(5-ChIoro-l'fi;3fl^spin>I2-beiizofaratt-l^'^^^ 
hydrozypropyl)o:i^}phenyl)acetaiiiide 

A mixture of 5-chloio-3i?-spiioC2-benzoforatt-l,4'-piperidm] (35 mg, 0.156 mmol) andiST- 
{2-[(2S)-oxiran-2-yhiiethoxy]phenyl}acetamide (32.3 mg, 0.156 mmol) in ethanol (1.5 
mL) was kept on stirring at 80 *C overnight The volataes were removed in vacuo and the 
reddue was purified by silica ^1 flash diromatogFBphy (0-1% methanol in 
didiloromethane, 0.1% ammoniimi hydroxide, NH4OH) to give the titled compound (45 
mg). 

'H-NMR (CD3OD. 400 MHz): 5 7.99 (dd, 7- 1 .3, 7.9 Hz, IH); 7.29-7.25 (m, 2H); 7.18 (d. 
y= 7.8 Hz, IH); 7.12-7.01 (m, 2H); 6.96-6.91 (m, IH); 5.00 (s. 2H); 4.25 (m. IH); 4.13 
(dd, y = 3.2, 9.9 Hz, IH); 3.99 (dd. J = 6.4. 9.9 Hz, IH); 3.00-2.89 (m, 2H); 2.67-2.50 (m, 
4H); 2.20 (s, 3H); 2.08-1.96 (m, 2H); 1.73 (m, 2H). 
APCI-MS: valz 43 1(MH*). 

Example 36 

2-{[^S)-3K5-CWoro-l'jy,3/r-spiroI2-benzofuran-l,4'-piperidinl-l'-yl)-2- 
hydroxypropylloxy}-4-liydroxy-iV-methyIbenzamWe 

Step I: 

2-{l(2S>-3K5-CWo«>-l'J3,3Jy-spiro[2-benrofiiran-l,4'-piperidml-l'-y0^^^ 
hydroxypropyIloxy}-4-I(4-methoxybenzyDoxyl-7Nr-metiiylben2amlde 
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A mixture of 5-chloro-3iy-spiioC2-benzofuran-l,4'-piperidine] (26 mg, 0.1 16 mmoD and ^ 
[(4-methoxyben2yl)oxy]-JV-methyl-2-[(2S>oxiran-2-ylmethoxyIbe^^ (40 mg, 0.116 
mmol) in eflianol (2 mL) was stirred at 80 "C ovemigjit The volatiles were removed in 
vacuo and the residue was purified by sUica gd flash chromatogrqjhy (0-1% methanol in 
dichloromethane, 0.1% ammonium hydroxide, NH4OH) to give the subtitled con^imd 
(50 mg). 

'H-NMR (CDCI3, 400 MHz): 8 78.18 (d, J= 8.8 Hz, IH); 8.14 (m, IH); 7.37 (d, y= 8.7 
Hz, 2H); 7.28 (m, 2H); 7.22 (s, IH); 7.09 (d, J= 8.0 Hz, IH); 6.97-6.92 (m, 2H); 6.71 (dd, 
7= 2.3. 8.8 Hz, IH); 6.52 (d. J= 2.3 Hz, IH); 5.08 (s, 2H); 5.05 (s. 21^; 4.25-4:15 (m, 
2H); 3.85 (s, 3H); 3.00 (m, 4H); 2.88-2.75 (m, 2H); 2.66-2.46 (m, 3H); 2.06-1.90 (m, 2H); 
1.82 (d, 7= 12.9 Hz, 2H). 
APCI-MS: m/z 567(MH*). 

Step II: 

2-{I(2S)-3-(5-Chloro-l •J3;3H-spiro{2-b«izofuran-l,4»-piperidinl-l '-yI)-2- 
hydroxypropylloay}-4-hydroxy-iV-methylb« n7.«m i d e 
2- {[(2S)-3-(5-Chloro-r/f,3^-spirD[2-benzofuian-l ,4'-piperidin]-l »-yl)-2- 
hydroxypropyl]oxy}-4-[(4-methoxybenzyl)oxy]-Ar-mediylbenzamide (45 mg, 0.079 mmol) 
was treated with 10% trifiuoroacetic acid (CF3COOH) in dichloromethane (CH2CI2) (3 
mL) for 25 min at room temperature. The volatiles were removed in vacuo and the residue 
was purified by HPLC (10-45% acetonitrile (CH3CN) in water, 0.1% ammonium 
hydroxide, mUOH) to give the titled compound (17 mg). 

•H-NMR (CD3OD, 400 MHz): 5 7.82 (d, /= 8.7 Hz, IH); 7.30-7.25 (m, 2H); 7.18 (d, 7= 
7.9 Hz, IH); 6.55 (d, J= 2.2 Hz, IH); 6.48 (dd, J= 2.2. 8.7 Hz, IH); 5.05 (s, 2H); 4.26- 
4.19 (m, 2H); 4.09-4.04 (m, IH); 2.98-2.87 (m. 5H); 2.64-2.50 (m. 4H); 2.09-1.97 (m, 2H); 
1.73 (d.7» 13.2 Hz, 2H). 
APCI-MS: m/z 447(MH*). 



76 



Example 37 

2-{K2S)-M5^1ilor<>-l'fi;3^-«pirol2-beii2ofui^n-l,4'-plperi^^^ 
iiiethoxypn>pylloxy)-W^cydopropyl-4-hydroxybeiizaiiudc 

Step I: 

2-ttaS)r3K5<Moro-l»JT^-splroI24.enzofiuratt-l,4'-p^^^ 
melliylpropynoxy}^-«yclopropyl-4^(4-iiielhoxybenzyI)oxyll^ 

A mixtuiB of 5^Moro-3H-sp!K)[2-benzofuian-1.4'-piperidine] (40 mg. 0.178 mmol) and 
iV^cloptopyl-4-[(4-methoxybenzyl)oxy]-2-{[(2S)-2-methy^ 

yl]methoxy}beiizanude (68 mg. 0. 178 nunol) in ettianol (2 mL) was stiired at 80 »C for 
6h. The volataes were removed in vacuo and the residue was purified by sflica gel flash 
dnomatography (0-0.9% methanol in dichloromethane, 0.1% ammonium hydroxide, 
NH4OH) to give the sabtifled compound (45 mg). 

'H-NMR (CDCI3), 400 MHz): 8 8.21 (br.s, IH); 7.99 (d, J= 8.7 Hz, IH); 736 (d, J= 8.7 
Hz. 2H)7.27 (m. IH); 7.20 (s, IH); 7.03 (d, / = 8.0 Hz, IH); 6.92 (m, 2H); 6.70 (dd. J- 
2.3, 8.8 Hz. IH); 6.50 (d, 7= 2.3 Hz. IH); 5.03 (s, 2H); 5.01 (s. 2H); 3.86 (s. 2H); 2.85 (s. 
3H); 3.05 (m. IH); 2.91-2.80 (m, 3H); 2.75 (m. IH); 2.67 (d, J^- 13.9 Hz. IH); 2.50 (d, 7= 
13.9 Hz, IH); 1.95 (m. 2H); 1.75 (m. 2H); 1.30 (s, 3H); 0.83 (m. 2H); 0.62 (m, 2H). 
APa-MS: m/z 607(MH*). 

StqpII: 

2-{l(2S)-3K5-Chloro-l'fr^-^irol2-benzofuran-l,4»-plperi^^ 
methoxypropylloxy}-iV-cydopropyl-4-hydroxybenzamide 
2-{[(2S>3-(5-chioio-l •/r,3/f-spiio[2-benzoftiran-l,4'-piperidin]-l '-yl)-2-hydroxy-2- 
methylpropyl]oxy}-JV'-cyclopropyl-4-[(4-meaiox)*enzyl)oxy]benz (40 mg, 0.065 
mmol) was treated with 10% trifluoroacetic acid (CF3COOH) (3 mL) for 25 min at room 
temperature. The volatUes were removed in vacuo and the residue was purified by HPLC 
(10-55% acetonitrile (CH3CN) in water. 0.1% ammonhim hydroxide, NH4OH) to give the 
tified compound (30 mg). 
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>H-NMR (CD3OD). 400 MHz): 5 7.84 (d. J= 8.4 Hz. IH); 7.25 (m, 2H); 7.16 (d, J= 7.6 
Hz. IH); 6.45 (m. 2H); 5.00 (s. 2H); 4.11 (d. 7= 9.0 Hz. IH); 3.93 (d, J= 9.0 Hz. IH); 
2.93 (m. IH); 2.88 (m. 2H); 2.74-2.49 (m, 4H); 1.99 (m. 2H); 1.62 (m. 2H); Ul (s, 3H); 
0.79 (m, 2H); 0.65 (m, 2H). 
APCI-MS: miz 487(MH*). 

Example 38 

2.{l(2S)-3.(5-CWoro-l»ir^-4piroll*eiizofiu-an-2,4'-piiMsrid^^ 
hydroxypropylloxy}-4-hydroxy^^WiydroryethyDl>eMamide 



Step I: 

Methyl-4-l(4-methoxyben2yl)oxyl-2-l(2S)-oxiran-2-ylmellioxyIbeiizoate 

A mixture of 2(S)-oxiran-2-ylmethyD-mtrobenzenesulfonate (518 mg. 2.0 mmol). mefliyl 

15 2-hydroxy-4-t(4-methoxybenzyl)oxy]benzoate (576.6 mg. 2.0 tnmol) and cesi^ 

carbonate (CS2CO3) (812.5 mg. 2.5 mmol) in dimethylformamide (10 mL) was stiired at 
room temperature overnight The reaction mixture was partitioned between ethyl acetate 
and water. The organic layer was dried over sodium sulphate, Na2S04, filtered, 
concentrated in vacuo and the residue was purified by silica gel flash chromatography (0- 

20 30% e&yl acetate in petroleum ether) to give the subtiUed compound (600 mg). 

'H-NMR (CDCU). 400 MHz): 6 7.87 (d. J= 8.7 Hz, IH); 7.39-7.34 (m, 2H); 6.97-6.92 (m. 
2H); 6.61 (dd, y= 2.4, 8.7 Hz, IH); 6.59 (d, 2.2 Hz, IH); 5.04 (s, 2H); 4.31 (dd, J= 
2.9.11.1 Hz, IH); 4.07 (dd, J-4.8, 11.1 Hz, IH); 3.88 (s, 3H); 3.85 (s. 3H); 3.40 (m. IH); 

2S 2.92 (m. 2H). 

APCI-MS: m/z 345(MH*). 

StepII: 

Mediyl2-{I(2S)-M5-cMoro-l»^3^-spiroll4»en20fuiw-2,4»-piperidinl-l»-yO^^ 
30 hydroxypropylloxy)-4-l(4-methoxyben2yI)oxylbciizoate 
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Amixture of 5-cWoro-3H.spiTo[l.benzo&ran.2.4'.pi^^^ (150 mg. 0.67 tmAol) and 
mefliyl^(4-methoxybenzyl)oxy]-2-t(2S).oxiran.^^^^^ (230.5 mg. 0.67 

ramA) in ethanol (3 mL) was stirred at 80 «C overnight THe volaffles were removed m 
vacuo and the residue was purified by siUca gel flash diromatography (0-3% methanol m 
dictloiomethane) to give Jhe subtitled compound (370 mg). 

•H-NMR (CDQa). 400 MHz): 5 7.87 (d, J = 8.8 Hz. IH); 7.40-7.35 (m, 2H); 7.12 (m^lH); 
7 07 (dd. J - 2.2. 8.4 Hz. IH); 6.98^.93 (m. 2H); 6.69 (d. J « 8.4 Hz. IH); 6.63 (d, J - 2.2 • 
Hz. IH); 6.60 (s. IH); 5.06 (s. 2H); 4.19 (m. 2H); 4.03 (m. IH); 3.89 (s. 3H); 3.85 (s. 3H); 
10 3.00 (s. 2H); 2.80 (m. IH); 2.73-2.58 (m, 5H); 2.00 (m. 2H); 1.82 (m. 2H). 
APCI-MS: m/z 568(MH*). 

Stepm: 

2-{I(2S)-3K5-Chloro-l'jr.3fl^spiroll4Mmzofuran-2,4'-plperl^ 
hydroxypropylloxy}-AK2-hydroxyethyI)-l-l(4-methoxybeiizyI)ox^^^ 
Amixtureofmethyl2-{[(2S)OK5-cMoro-l'H,3/r-spiro[l-benzofuran.2.4'-p^^ 
yl>2-hydtoxypropyl]oxy}-4-[(4-methoxybenzyl)oxy]benzoate (60 mg. 0.105 mmol) and 
2-aminoefl)anol (0.256 mL, 4.2 xmnol) in methanol (2 mL) was tefluxed for 72h. Ths 
volatiles were removed in vacuo and the residue was purified by silica gel flash 
diromatography (0-3% methanol in dichloromethane. 0.2% ammonium hydroxide. 
MH4OH) to ©ve die subtitled compound (30 mg). 

»H.NMR (CDQb). 400 MHz): 8 8.49 (t, J= 5.4 Hz. IH); 8.17 (d. J= 8.8 Hz. IH); 7.40- ^ 
735 (m. 2H); 7.12 (tf, IH); 7.09 (dd, /= 2.2. 8.4 Hz. IH); 6.98-6.93 (m. 2H); 6.72 (dd. J- 
2J2, 8.8 Hz. IH); 6.69 (d. J- 8.5 Hz. IH); 6.55 (d. J= 2.2 Hz, IH); 5.06 (s. 2H); 4.21 (m, 
2H); 3.94 (dd, 7.2, 10.1 Hz, IH); 3.85 (s, 3H); 3.83 (d, /- 4.8 Hz, 2H); 3.70 (m, IH); 
3.60 (m, IH); 3.00 (s, 2H); 2.91-2.76 (m. 2H); 2.68-2.53 (m. 4H); 2.00 (m. 2H); 1.80 (m. 
2H). 

APCI-MS: m/z 5970^01*). 

30 
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Step rV: 

2^l(2S)-3KS<alloro-lWfl^pi«>ll-bellZofiu^-2,4'-pipcridin^l»-y^^ 

hydroxypropylloxy}^hydroxy-iV-(2-hydroxyethyl)beiizainlde 

2-{[(2S>3K5-CW«wo-lW,3fi^spiro[l-benzofui:an-2,4'.piperidin]-l'^ 

5 hydroxypropyl]oxy>-iVK2-hydioxyethylH-[(4-methoxybei^^ (27 mg, 

0.045 mmol) was treated wi& 10% trifluoioacetic add (CFjCOOH) in dichloromethane 
(CHaaj) (3 mL) for 30 min at room temperature. The volatiles were removed in vacuo 
and the residue was purified by siUca gel flash doomatography (0-4% methanol in 
dichloromethane, 0.2% ammonium hydroxide, NH4OH) to give fee titled compound (16 

10 mg). 

»H-NMR (CD3OD), 400 MHz): 6 7.85 (d, J- 8.6 Hz, IH); 7.13 (m, IH); 7.19 (dd, J= 2.4, 
8.5 Hz, IH); 6.65 (d. 7= 8.5 Hz, IH); 6.52 (d. /- 2.2 Hz. IH); 6.49 (dd. J= 2.2, 8.6 Hz, 
IH); 4.27-4.17 (m, 2H); 4.06 (dd, J= 5.9, 9.4 Hz, IH); 3.73 (t, J= 5.6 Hz, 2H): 3 J3 (m, 
15 2H); 3.00 (s. 2H); 2.70 (m, 4H); 2.62 (d, /= 6.4 Hz. 2H); 1.95 (m, 2H); 1.84 (m, 2H). 
APCI-MS: m/z 477(MH*). 

Esanqtle 39 

^^(2-Aminoethyl>2-{l(2S)-3-(5rcWo^o-l'Jy,3f^-spi^oIl-benzofuran-2,4'-piperito^ 
M yl)-2-hydroxypropylloxy}-4-hydroxybenzamide 

Step I: 

iVK2-AininoethyI).2-U(2S)-3-(5-chloro-lWJf-8piroll-benzofurM^ 
yO-2-hydroxypropyIIoxy}-4-l(4-meflioxybenzyl)oxylbenzaniide 

25 A mixture of 2-{[(2S)-3-(5-chloro-l W,3ff-si»ro[l-beii2ofuran-2,4'-piperidin]-l '-yl)-2- 
hydroxypropyl]oxy}-4-hy*oxyben2oic add (50 mg, 0.084 mmol) and N^- 
carbonyldiimidazole (14 mg, 0.084 mmol) in dimefliylfoonaniide (3 mL) was kept on 
stilling at room temperature for Ih. Then ethylenediamine (11 mg, 0.168 mmol) was 
added and flie reaction mixture was stirred at room temperature ovemif^iL The reaction 

30 mixture was partitioned between ethyl acetate and water, the organic layer was dried over 
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aodium sulphate, Na2S04. filtered, concentrated in vacuo and the residue was purified by 
sUica gel flash chromatography (0-3% methanol in dichloromefliane. 02% ammonium 
hydroxide, NH4OH) to give the subtitled compound (22 mg). 

•H-NMR (CD3OD), 400 MHz): 5 7.93 (d, J= 8.9 Hz. IH); 7.45 (m, 2H); 7.12 (s. IH); 
7.04(dd. J= 2.3, 8.6 Hz, IH); 6.95-6.90 (m. 2H); 6.73 (s, IH); 6.70 (d, / = 2.2 Hz. IH); 
6.64 (d, y= 8.5 Hz, IH); 5.08 (s. 2H); 4.27 (dd, 2.7, 9.7 Hz, IH); 4.23-4.15 (m, IH); 
4.05 (dd, y= 6.6, 9.8 Hz, IH); 3.80 (s, 3H); 3.48 (t, J= 5.9 Hz. 2H); 2.96 (s, 2H); 2.86 (t, J 
= 6.1 Hz. 2H); 2.68 (m. 4H); 2.56 (d, 7= 6.4 Hz, 2H); 1.90 (m. 2H); 1.80 (m. 2H). 
APCI-MS: m/z 596(MH*)- 

Step II: 

Ar-(2-Aintooetliyl)-2^1(2S)-3KS-chloro-l»fl,aH^piro[l-b^ 
y0'2-hydroxyprop3^oxy}>4-hydro!qrbeiizamide 
^^(2-Ammoethyl)-2-{[(2S)-3-(5-dlloro-l•/^,3/^-spi^o[l-benzofuran-2,4'^^^^ 
2-hydroxypropyl]oxy}-4-[(4-methoxybenzyl)oxy]benzamide ((22mg, 0.037 mmol) was 
treated with 10% trifluoroacetic acid (CFaCOOEI) in dichloromelhane (2 mL) fiar 20 min at 
ixwm temp^ature. The volatQes were removed in vacuo and the residue was purified by 
HPLC (10-60% acetonitrUe (CH3CN) in water, 0.1% ammonium hydroxide, NH4OH) to 
give the titled compound (8 mg). 

'H-NMR (CD3OD), 400 MHz): 5 7.83 (d, /= 8.6 Hz, IH); 7.14 (m, IH); 7.04 (dd, 7 = 2.2, 
8.4 Hz, IH); 6.65 (d, /= 8.4 Hz, IH); 6.50 (d, 7= 2.1 Hz. IH); 6.47 (dd, J= 2.2, 8.6 Hz. 
IH); 4.27-4.19 (m, 2H); 4.04 (m, IH); 3.50 (t, J= 6.0 Hz. 2H); 3.02 (s, 2H); 2.90 (t, J= 6.0 
Hz, 2H); 2.69 (m, 4H); 2.60 (d, J= 6.2 Hz, 2H); 1.94 (m, 2H); 1.84 (m, 2H). 
APa-MS: m/z 476(MH*). 

Example 40 

2-{((2S>-3-(5-nuoro-l'JT^H-«piro[l-bMizoftiran-2/l'-pU»eridinl-l'-yI)-2- 
hydroxyprop:^loxy)-4-hydroxy-Ar-metliyIbenzainide 



100684 
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Step I: 

2^I(2S)-HS-Fluoro-rfir^-^piroll-ben2ofuran-2,4'-piperidiiil-r-yl>-2- 
hydroxypropylloxy)-4-l(4.methoxybenzyI)oxyl-iV-methylbeittam^^ 

, A mixture of 5.flu<«..3H^[14)enzofuran-2.4'-piperidin^ (20 mg. 0.096 nunol) and 4- 
[(4-mealoxyben2yl)oxy]-^'-metfayl-2-[(2S)-oxi^^ (343 mg. 

0.099 mmol) in ethanol (2 mL) was stined at 80 °C overnight. The volatiles were removed 
in vacuo and the residue was purified by siKca gel flash ctaomatography (O-O.80/0 methanol 
in diddoromethane, 0. 1 % ammonium hydroxide, NH4OH) to give the subtitled compound 

10 (36 mg). 

»H-NMR (CDCI3). 400 MHz): S 8.16 (d. 8.7 Hz, IH); 8.10 (m, IH); 7.36 (m, 2H); 
6.96-6.91 (m. 2H); 6.89-6.77 (m, 2H); 7.72-6.64 (m. 2H); 6.54 (d. J= 2.3 Hz. IH); 5.00 (s, 
2H); 4.20-1.10 (m. 2H); 3.96 (dd. /= 5.4. 9.4 Hz. IH); 3.83 (s. 3H); 3.01 (s. 3H); 3.00 (s. 
IS 2H); 2.90 (m, IH); 2.80 (m, IH); 2.64-2.50 (m. 4H); 2.00 (m. 2H); 1.83 (to, 2H). 
APCI-MS: m/z 55 1(MH*). 

Step n: 

2-{K2S)-3-(5-fluoro-lWH-spiroll-benzofuran-2,4»-piperidinl-l»-y0-2- 

30 hydroxypropylloxy}-4-hydroxy-A'^methylbeiizamide 

2-{[(2S)-3.(5-Fluoro-l •if,3W-spiro[l -ben2ofuran-2,4'-piperidin]-r-yl)-2- 
hydioxypropyl]oxy}-4-[(4-methoxybenzyl)oxy]-iV-methylbenzamide (32 mg. 0.058 
xnmol) was treated with 10% triflwroacetic acid (CF3COOH) in dichloromethane (2.5 mL) 
for 20 min at room temperature. The volatiles were removed in vacuo and the residue was 

25 purified by HPLC (10^50% acetonitrile (CH3CN) in water, 0.1% antoonium hydroxide. 
NH4OH) to give the titled compoimd (1 1 mg). 

'H-NMR (CDa,). 400 MHz): 5 7.82 (d, J- 8.6 Hz. IH); 6.50 (dd. J = 2.7. 8.1 Hz, IH)^ 
6.81-6.74 (m. IH); 6.62 (dd. y» 4.2. 8.7 Hz, IH); 6.52 (d. J=: 2.2 Hz. IH); 6.48 (dd. J- 
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2.2, 8.6 Hz, IH); 4.24-4.17 (m, 2H); 4.08-4.02 (m, IH); 3.01 (s, 2H); 2.92 (s, 3H); 2.77- 
2.63 (m, 4H); 2.60 (d, J= 6.2 Hz, 2H); 1.94 (m, 2H); 1.84 (m, 2H). 
APa-MS: m/z 431(MH*). 

Example 41 

iVH2-{K2S>3K5-Flttoro-l»iy^iy-spiro[l-benzofuran-2^»-p^ 
Iiydroxyprops^]o:^}-4^droxyplieny0acetaiiiide 

A mixtuie of 5-fluorD-3fi^qriro[l-beiizoftiran-2,4'-piperidme] (20 mg, 0.096 mmol) and 4- 
(acetylamiiu})-3-[(2S)-oxiiaa-2-ylmetfaoxy]idienyi acetate {25.5 mg, 0.096 xomol) in 
etbanol (2 mL) was kept on stiiring at 80 °C over the wedcoid. The volatiles were 
removed in vacuo and the residue was purified by HPLC (10^35% acetonitrile (CH3CN) in 
water, 0.1% ammonium hydroxide, NH4OH) to ^ve the tided compound (14 mg). 

'H-NMR (CD3ODX 400 MHz): 8 7.57 (d, 7= 8.7 Hz, IH); 6.90 (m. IH); 6.81-6.74 (m, 
IH); 6,63 (dd, J= 4.2, 8.7 Hz, IH); 6.48 (d, J= 2.5 Hz, IH); 6.36 (dd. y= 2.6. 8.7 Hz, IH); 
4.18 (m, IH); 4.05 (dd, 3.4, 9.8 Hz, IH); 3.93 (dd, J= 6.2, 9.8 Hz, IH); 3.01 (s, 2H); 
2.70 (m, 4H); 2.61 (t, /= 7.0 Hz, 2H); 2.14 (s. 3H); 1.96 (m, 2H); 1.85 (m, 2H). 
APCI-MS: m/z 431(MH*). 

Example 42 

iV-(2-{[0!S)-3-(5-Fiuoro-l'jy^iy-spiro[l-benzofuran-2/t'-piperidinl-l'-yD-2^ 
hydroxypropyl]oxy}ph«iyl)acetaniide 

A mixture of 5-fluoro-3/r-spirD[l-benzofuran-2,4'-piperidine3 (8 mg, 0.038 mmol) aodiV- 
{2-[(2S)-oxiran-2-ybnethoxy]phenyl}acetamide (8 mg, 0.038inmol) in ethanol (1.5 mL) 
was stined at 80 **C overnight. The volatiles were removed in vacuo and the residue was 
purified by HPLC (10-70% acetonitrile (CH3CN) in water, 0.1% ammonium hydroxide, 
NH4OH) to ^ve the titled c(»npound (1 1 mg). 
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»H-NMR (CD3OD), 400 MHz): 5 7.99 (dd. J= 1.5. 8.1 Hz, IH); 7.08 (m, IH); 7.03 (m, 
IH); 6.94 (m, IH); 6.90 (m. 1H>; 6.77 (m, IH); 6.63 (dd, J= 4J2, 8.8 Hz, IH); 4.19 (m. 
IH); 4.12 (dd. /■= 3.2, 9.9 Hz. IH); 3.98 (dd, J= 6.4. 9.9 Hz, IH); 3.05 (s. 2H); 2.70 (m, 
4H); 2.62 (m, 2H); 2.19 (s, 3H); 1.94 (m, 2H); 1.85 (m, 2H). 
APCI-MS: m/z 415(MH*). 

Exanqple43 

iV-[2-({(2S>-3I(2S)-5<:Moro-l»ir3ff^piroI14>eii2ofu^ 
hydrozypropyl}<ay)pIia>]^]acetaiiiide 

Amixtore of 5-diloro-3H-spiro[l-benzofbm-2,3'-j>yTO (34.5 mg, 0.167 mmol) and 
A^-{24(2S)-oxinm-2-ylmeflu)xy]phenyl)acetainide (35 mg. 0.167 imnol) in ethanol (1.5 
mL) was stared at 80 "C overaigiht The volatUes wete removed in vacuo and the residue 
was purified by siUca gd flash chromatognq^ (0-1% meOianol (CH3OH) in 
dichloromeflume (CHzOj), 0.2% ammonium hydroxide. NH4OH) to ghre a mixture of two 
isomers (55 mg). This mixture was subjected to chiral HPLC to give the titled compound 
(17 mg) and other isomer (14 mg). 

'H-NMR (CDjpD). 400 MHz): 5 7.99 (dd, J= 1.4. 8.0 Hz, IH); 7.15 (m, IH); 7.11-7.01 
(m. 3H); 6.93 (m, IH); 6.66 (d, J= 8.5 Hz, IH); 4.18-4.1 1 (m. 2H); 3.99 (dd, 7= 7.0. 10.6 
Hz. IH); 3.25 (m, 2H); 3.1 1 (d, J= 10.8 Hz, IH); 3.00 (m. IH); 2.86-2.69 (m, 4H); 233- 
2.25 (m, IH); 2.18 (s. 3H); 2.13-2.05 (m, IH). 
APCI-MS: m/z 417(MH^. 

Example 44 

.iV-[2-({(2S)-3[(2R>-5-CMow-lW^iy-spiroIl-beii2ofttran-2^»-pyrro^ 
hydroxypropyi}oxy)phenyl]acetamide 

'H-NMR (CD3OD), 400 MHz): 5 7.99 (dd. J= 1.4, 8.0 Hz, IH); 7.15 (m. IH); 7.1 1-7.01 
(m. 3H): 6.93 (m. IH); 6.66 (d. 7= 8.5 Hz. IH); 4.18-4.11 (m. 2H); 3.99 (dd. J= 7.0, 10.6 
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Hz, IH); 3.25 (m, 2H); 3.1 1 (d. / = 10.8 Hz. IH); 3.00 (m, IH); 2.86-2.69 (m, 4H); 233- 
2.25 (m, IH); 2.18 (s, 3H); 2.13-2.05 (m, IH). 
APCI-MS: m/z 417(MH*). 

Example 45 

JV-I2K{(2S)-3-I(2S)-5-CMoro-l»jy^Jf-spIro[14>eiizofuran-2^'-pyrr^^ 

A mixture of 5-diloio-3/f-8piro[l-b«m)furan-2,3'-pyiroUdme] (60 mg, 0.286 nanol) and 
Arr{4-methoxy-2-[(2S)-oxkan-2-ylmethoxylphenyl}acetaim (68 mg, 0.286 mmol) in 
efhanol (2 mL) was stined at 80 °C overnight The voladles were removed in vacuo and 
the residue was purified by silica gel flash chromatogr^hy (0-1% me&anol (CH3OH) in 
dichloromefliane (CHiQz), 0.2% ammonium hydroxide, NH4OH) to give a mixture of two 
isomers and this was subjected to dural HPLC to give the titled confound (35 mg) and 
the other isomer (35 mg). 

•H-NMR (CD3OD), 400 MHz): 5 7.73 (d, J = 8.8 Hz, IH); 7.14 (m, IH); 7.04 (dd, /= 2.2, 
8.4 Hz, IH); 6.65 (d, 7- 8.5 Hz, IH); 6.60 (d, 7= 2.5 Hz, IH); 6.49 (dd, J= 2.6, 8.8 Hz, 
IH); 4.15-4.06 (m, 2H); 3.96 (dd, J= 6.2, 9.8 Hz, IH); 3.79 (s, 3H); 3.25 (m, 2H); 3.1 1 
(dd, J= 10.7, 15.9 Hz, IH); 2.99 (m, IH); 2.85-2.64 (m, 4H); 2.25 (m, IH); 2.13 (s, 3H); 
2.08 (m, IH). 
APCI-MS: m/z 447(MH*). 

Example 46 

iV-I2-({(2S)-3-[(2R)-5-Chloro-l'£r,3J5r-spiro[l-benzofuran-2,3'-pyrroUdinl-l'-yll-2- 
hydroxypropyQoxy>4-met]ioxyphenyl]aGetainide 

'H-NMR (CD3OD), 400 MHz): 8 7.73 (d, J= 8.8 Hz, IH); 7.14 (m, IH); 7.04 (dd, 7 = 2.2, 
8.4 Hz, IH); 6.65 (d, J= 8.5 Hz, IH); 6.60 (d, J= 2.5 Hz, IH); 6.49 (dd, 7= 2.6, 8.8 Hz, 
IH); 4.15-4.06 (m, 2H); 3.96 (dd, J = 6.2, 9.8 Hz, IH); 3.79 (s, 3H); 3.25 (m, 2H); 3.1 1 
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(dd, 10.7. 15.9 Hz, IH); 2.99 (m, IH); 2.85-2.64 (m. 4H); 2.25 (m, IH); 2.13 (s. 3H); 
2.08 (m, IH). 
APa-MS: xn/2 447(MH*). 

Exanqile 47 

2-{I(2S)-3-<5-CUoro-l'ir^jy-spiro(14»eii2ofiu-an-2^'.pyiToiidinJ-l»-yl>^^ 
hydroxypropyJ]oxy}-4-hydroxy-iV-mediylbeiizamide 

Step I: 

2-{K2S)-3-(5<:hlon)-lW;3jy-«plTO[l.beii2ofiiran-2^»^^ 
hydroxypn>pylJoxy}-4-((4-methoxyben2y0oxylr2V-methylben2aii^ 

A mixture of 5-K5hIoro.3Jy.spiro[l.benzo&nm-2.3»-pynoKdine] (80 mg, 0.381 mmol) and 
"HiA-msthoxyb&ayl^oKyyN^^ (130 g 

IS 0J81 mmol) in ethanol (3 mL) was stirred at 80 oveniight The volatiles were removed 
in vacuo and the residue was purified by siUca gel flash duomatography (0-1% methanol 
in dichloromethane, 0.2% ammonium hydroxide, NH«OH) to give the subtitled compound 
(165 mg). 

20 'H-NMR (CDQj), 400 MHz): 8 8.15 (d. 7- 8.8 Hz, IH); 8.04 (m. IH); 7.36 (m. 2H); 7.13 
(hr,s, IH); 7.09 (m, IH); 6.93 (m. 2H); 6.72-6.66 (m. 2H); 6.54 (d, 2.2 Hz, IH); 5.05 (s, 
2H); 4.17 (dd, y= 3.2. 9.5 Hz, IH); 4.09 (m, IH); 3.98 (dd, 5.7. 9.5 Hz. IH); 3.83 (s. 
3H); 3 JO-2.83 (m. 9H); 2.72 (m, IH); 2.60 (dd, y = 3.4. 12.1 Hz. IH); 2.34 (m. 2H); 2.08 
(m,2H). 

25 APCI-MS: m/z 553(MH*). 



StepU: 

2-{[(2S)-3-(S-Chloro-l'J5r.3ir-spiro[l-benzofnran-2,3'-pyiTolldin]-l»-yI)-2- 
hydroxypropyI]oxy}-4-hydroxy-iV-me4hylbenzamide 
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2-{[(2S)-3-(5-CMoio-l *fl;3/r-spiro[l-beiizofuran-23'-pynolidin]-l '-yi)-2- 
hydroxypropyl]oxy}-4-[(4-medioxybeiizyl)oxy]-Ar-methylbenzaiiude (160 mg, 0.289 
mmol) was treated with 10% trifluoroacetic acid (CF3COOH) in dichloiomelhane {CH2Cl^ 
for 25 min at room temperature. The volatiles were removed in vacuo and the residue was 
purified by silica gel flash chromatography (0-3% methanol (CH3OH) in dichloromethane 
(CH2CI2), 0.2% ammonium hydroxide, NH4OH) to give the titled compound (80 mg). 

APCI-MS: m/z 433(MH*). 

Example 48 

2-{[(2S)-3K5-CUoro-l*J9;3Lff-spiro[l-beiizofnran-2,4*^^^ 
hydrozypropyl]ozy}-4-I^drozybaiizoIc acid (trifluoroacetate) 

Step I: 

2-{IC2S)-3K5<Moro-l'J?^-«piro[14»enzofunm-2,4»-piperi 
hydroxypropyI]oxyH-[(4-methoxybeii27l]beiizoicacid 

To a solution of methyl 2-{[(2S)-3-(5-chloro-rff,3/r-^piro[l-benzofuran-2,4'-piperidin> 
r-yl>2-hydroxypropyl]oxy}-4.[(4-medioxyben2yI)o}Qr]beDzoatB (150 mg, 0.264 mmol) in 
ethanol (2 mL) was added aqueous -solutioa of potassium hydroxide (KOH) (770 mg, 
KOH in 0.77 mL wato) and tbe reaction mixture was stiired at reflux ovonight, cooled to 
0 °C and the pH was adjusted to 2.0 by addition of aqueous hydrochloric acid (HCl). The 
whole was extracted with ethyl acetate. The organic layer was dried over sodium sulphate, 
Na2S04, filtered and concentrated to give the subtitled compound (145 mg). 

'H-NMR (CD3OD), 400 MHz): 5 7.78 (d, J= 8.4 Hz, IH); 7.35 (m, 2H); 7.19 (m, IH); 
7.09 (dd, y = 2.2, 8.4 Hz, IH); 6.93 (m, 2H); 6.75-6.65 (m. 3H); 5.09 (s, 2H); 4.40 (m, IH); 
4.24 (dd, J= 4.0, 9.3 Hz, IH); 4.06 (dd,y= 5.5, 9,3 Hz, IH); 3.80 (s, 3H); 3.70-3.53 (m, 
2H); 3.51-3.35 (m. 4H); 3.14 (s, 2H); 2.33 (m, 2H); 2.12 (d, /= 14.8 Hz, 2H). 
APCI-MS: m/z 554(MH*). 
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Step II: 

2Hl(2S)-3-(S<ailoro-l'^r^ir^piro[l-bcn2oluran-2,4'-plperidin]-l'-^^ 
hydroxypropyqoxy}-4-hydroxybeiizoic acid (triflnoroacetate) 
2-{[(2S>3-(5-Chloio-l W,5/r.spiro£l-beiizofuran-2,4'-piperidin]-l '-yl>2- 
hydroxypropyl]oxy}-4-[(4-melho;qrben2yl]benzoic acid (31 mg, 0.052 mmol) was treated 
with 10% trifluoroacetic acid (CFjCOOH) in dichloromethane (CH2CI2) (2 mL) at room 
temperature for 20 min. The volatiles were removed in vacuo and the residue was purified 
by HPLC (10-55% acetonitrile (CH3CN) in water, 0.1% trifluoroacetic acid (CF3COOH)) 
to give the titled compound (15 mg). 

APCI-MS; m/z 434(MH*). 

Exanqile 49 

3(SH-^-{(C2S)-3-(5-CUoro-l>i7^J¥4piro[14>eiizofnran-2y4^^ 
liydraxypropyqozyH-bydrozybeiizoyI^yrroiidiii-3-ol 

St^I: 

<3SH-{2-{[(2S>3-(5.CMoro-l»fl'4i5r-spiroI14»enzofaran-2,4»-pipcri 
hydroxypn}pylIoxy}-4-[(4-methoxybeiu70(n[7]beiizoyI}pyrrolidin-3-^^ 
A mature of 2-{[(2S)-3-(5-chl<m)-l ♦/y/f-spiro[l-ben2ofiiian-2.4'-piperidin]-l •-yl>2- 
lQrdToxypropyl]oxy}-4-hydro;grbaizoic acid (100 rag, 0.169 mmol) and A^V- 
carbonyldiimidarole (30 mg, 0.186 imnol) in dimdhylformamide (3mL) was stirred at 
room temperature for Ih. Then (3S)-pyrrolidin-3-ol (76.3 mg, 0.845 mmol) was added and 
the reaction mixture was stirred at room temperature overnight The reaction mixture was 
partitioned between ethyl acetate and water, flie organic layer was dtied over sodiimi 
sulphate, Na2S04, filtered, concentrated in vacuo and the residue was purified by silica gel 
flash chromatography (0-2.5% methanol in dichloromethane, 0.2% ammonium hydroxide, 
NH4OH) to give the subtitled compound (55 mg). 



APCI-MS: m/z 623(MH*). 
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StepII: 

3(S)-1^2-{I(2S)-3K5-CWoro-l'jy^jy-spiro[l.ben2ofta^ 
hydroxypropyl]oxy}<4-hydroxybe]izoyOpyrroffidiii-3-ol 

(3S>l-{2-{[(2S>3-(5-CMon>.l 'i/,3/f.spin)[l-benzofuran-2,4''piperidin]-l •^yl>2- 
hydroxypropyl]oxy}-4-[(4-methoxybenzyl)oxy]benzoyl}py^^ (50 mg, 0.08 

mmol) was freated with 10% trifluoroacetic acid (CF3COOH) in dicbloromethane (CH2CI2) 
(3 mL) at room temperature for 20 min. The volatiles were removed in vacuo and the 
residue was purified by silica gel flash chromatography (0-4«5% methanol (CH3OH) in 
dicbloromethane (CH2C12). 0.2% ammonium hydroxide, NH4OH) to give the titled 
compound (25 mg). 

^H-NMR (CD3OD), 400 MHz): S 7.13 (m, IH); 7.08 (dd, J= 2.5, 8.2 Hz, IH); 7.03 (dd, J 
= 2.3, 8.5 Hz, IH); 6.65 (d, J= 8.4 Hz, IH); 6.49 (m, IH); 6.44 (m, IH); 4,48 (m. 0.5 H); 
4.35 (m, 0.5H); 4.10 (m. IH); 4.03 (m, IH); 3.96 (dd,7= 5.6. 9.7 Hz, IH); 3.67 (m, IH); 
3.62-3.50 (m, 2H); 3.30 (m, IH); 3.00 (s, 2H); 2,78-2.52 (m, 6H); 2.12-1.77 (m, 6H). 
APCI-MS: m/z 503(MH^. 

Example 50 

3(R>-l-C2-{I(2S)-3-(S-adoro-l'i9V3ir-spiro[14>e^^ 
hydroxypropyl)oxy}-4-hydroxybenzoyl)pyrroIidin-3-oI 

Step I: 

(3R)-l.{2-{[(2S)-3-(S-CWoro-l'^^fl^spiroI14>enzofuran-2,4*.pl^^ 
hydrDxypropyl]oxy}-4-[(4-metfaoxybenzyl)oxy]benzoyl}pyrrolidin-3-ol 
A mixture of 2-{[(2S)-3-(5.cUoro-l W,37f-spiro[l-benzofuran-2,4'.piperi 
hydroxypropyl]o3Qr}-4-.hydroxyben2oic acid (60 mg, 0.101 mmol) andNJ^- 
carbonyldiimidazole (17.5 mg, 0.108 mmol) in dimethylformamide (3mL) was stirred at 
room temperature for Ih. Then (3R)-pyrrolidin-3-ol (47 mg, 0.540 mmol) was added and 
die reaction mixture was stirred at room tenqierature overnight The reaction mixture was 
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partitioned between ethyl acetate and water, the organic layer was dried over sodium 
sulphate, Na2S04, filtered, concentrated in vacuo and the residue was piuified by silica gel 
flash chromatography (0-3% methanol in dichloromethanej 0.2% ammonium hydroxide, 
NH4OH) to give the subtitled compound (64 mg). 

APCI-MS: m/z 623(MH*). 

StepU: 

Iiydrozyproi^l]ozy}-4-hydln>sybeiizoyl)pyrrolidin<^-«^ 
(3R)-l-{2-{[(2S)-3-(5-ailoio-l W,3^-spiro[l-benzofuran.2,4'-piperidin]-l '-ylH- 
bydioxypropyl]oxy>.4-[(4-methoxybenzyl)oxyIbenzoyl}i>yrroHdin-3-ol (60mg, 0.096 
mmol) was treated -wiOi 10% tEifluoroacetic acid (CFiCOOH) in dichl(m>methane (CH2C12) 
(3 mL) at room tempo-ature for 20 min. The volatiles were ronoved in vacuo and the 
residue was purified by silica gel flash diromatography (0-5% metfianol (CH3OH) in 
dichloromethane (CHiCl^ 0.2% ammonium hydroxide, NH4OH) to give the titled 
oonqxnmd (8 mg). 

'H-NMR (CD3OD), 400 MHz): 5 7.13 (m, IH); 7.08 (dd. J= 2.5, 8.2 Hz, IH); 7.03 (dd, J 
= 2.3, 8.5 Hz, IH); 6.65 (d, /= 8.4 Hz, IH); 6.49 (m, IH); 6.44 (m, IH); 4.48 (m, 0.5 H); 
435 (m, 0.5H); 4.10 (m, IH); 4.03 (m, IH); 3.96 (dd, 5.6, 9.7 Hz, IH); 3.67 (m, IH); 
3.62-3.50 (m, 2H); 3.30 (m, IH); 3.00 (s, 2H); 2.78-2.52 (m, 6H); 2.12-1.77 (m, 6H). 
APa-MS: m/z 503(MH*). 

Example 51 

3-{((2S)^-<5-Chloro-l*J7^J7.spiro[l-beiizofunui-2,4'-piperidin]-l'-yl)-2- 
hydroxypropyI]oxy}-4-(morpholiit-4-ylcarbonyI)phenol 
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Step I: 

(2S)-lK5<:Uoro-lWJI-spiroll-benzofur^ 

mcdioxybeii2yOoxyl-2-(morpholin-4-ylcarbonyI)phenoxyIpropan-2-^^ 
A mixture of 2.{[(2S>3-(5-chloro-r/f,3/f.spko[l-benzoflu:an-^ 

5 hydn>xypropyl]oxy>-4-hydroxybenzoic acid (100 mg, 0.169 mmol) miN^- 

caibonyldiimidazole (35 mg, 0.215 mmol) in dimefhylfoiinamide (3mL) was stirred at 
room temperature for lb, Thea morpholine (250 mg, 2.86 mmol) was added and the 
reaction mixtare was stirred at room temperature overnight The reaction mixture was 
partitioned between ethyl acetate and water, the organic layer was dried over sodium 

10 sulphate, Na2S04, filtered, concentrated in vacuo and the residue was purified by silica gel 
flash chromatography (0-1.5% medianol in diddoromethane, 0.2% ammonium hydroxide, 
NH4OH) to ^ve ihe subtitled compound (58 mg). 

. APa-MS: m/z 623 (MH*). 

IS 

Step II: 

3-{[(2S)-3-(5<:hlorO'l'fl^^fl^spiro[l-benzofuran-2,4'-piperidinl-l'-^^^ 
hydroxyprapyl]oxy}'-4^morpholin-4-ylcarbonyI)phenol 

(2S)-1 .(S-Chloro-l */i;3«-spiro[l-benzofuran-2,4'-piperidin]-l '-yl)-3-[5-[(4- 
20 methoxyben2yl)oxy3-2'-(morpholin-4-ylcarbonyl)phenoxy]propan-2-oI (55 mg, 0.088 

mmol) was treated with 10% trifluoroacetic acid (CF3COOH) in dichloromethane (CH2CI2) 
(3 mL) for 25 min at room temperature. The volatiles were removed in vacuo and the 
residue was purified by silica gel flash chromatography (0-3% methanol (CH3OH) in 
dicWoromefliane (CH2CI2), 0.2% ammonium hydroxide, NH4OH) to give the titled 
25 compound (24 mg). 

'H-NMR (CD3OD), 400 MHz): 5 7.13 (m, IH); 7.07-7.01 (m, 2H); 6.65 (d, 7- 8.5 Hz, 
IH); 6.50 (d, 2.1 Hz, IH); 6.45 (dd, J= 2.1, .8.2 Hz, IH); 4.15-3.92 (m, 3H); 3.87-3.37 
(m. 8H); 3.00 (s. 2H); 2.78-2.49 (m, 6H); 1.94 (m, 2H); 1.83 (m. 2H). 
30 APCI-MS: m/z 503(MH*). 
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THP-1 caiemotaris Assay 
Introduction 

Hie assay measured the chemotactic response eUcited by MlP-la diemokme in the human 
monocytic cell line THP-1 . The compounds of the Examples were evaluated by flieir 
abUity to depress the diemotactic response to a standard concentration of MlP-la 
chemoldne. 

Methods 

Cultare of THP-1 cells 

Cells were thawed rapidly at 3TC ftom fiozen aUquots and resuspended in a 25 cm flask 
containing 5 ml of RPMI-1640 medium supplemented with Glutamax and 10% heat 
inactivated fetal calf serum without antibiotics (RPM1+10%HIFCS). At day 3 the medium 
is discarded aad replaced with firesh medium. 

THP-1 cells are routinely cultured in RPMI-1640 medium supplemented with 10% heat 
inactivated fetal calf serum and glutamax but without antibiotics. Optimal growth of the 
cells requires that they are passaged every 3 days and that the minimum subculture density 
is 4x10^ cells/ml. 



Chemoiaxis assay 

Cells were removed fiom the flask and washed by centtifbgation in 
RPMI+10%HltCS+^hitamax. The cells were flien resuspended at 2x10 cdls^il in fresh 
medium (RPMI+10%HIFCS+glutamax) to which was added calcdii-AM (5 of stock 
solution to 1 ml to give a final concentration of SxlO'Stf). After genUe mixing the cells 
were incubated at ST^C in a CO2 incubator for 30 minutes. The ceUs were then diluted to 
50 ml with medium and washed twice by centrifiigation at 400xg. LabeUed cells were then 
resuspended at a ceU concentration of 1x10^ cells/ml and incubated with an equal volume 
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of MlP-la antagonist (lO'^V to 10"^M final concentration) for 30 minutes at SrC in a 
humidified CO2 incubator. 

Chemotaxis was performed using Neuioprobe 96-well chemotaxis plates employing 8 ^un 
filters (cat no. 101-8). Thirty mioioUtres of diemoattiactant supplemented with various 
concentrations of antagonists or vehicle were added to Ihe lower wells of the plate in 
tiipUcate. The filter was then carefiiUy positioned on top and thai 25nl of cells 
preincubated with tfie corresponding concentration of antagonist or vdiicle were added to 
file surface of the filter. Theplate was Aen incubated for 2 hours at 3T»C in a humidified 
CO2 incubator. The cells remaining on flie surfece were then removed by adsorption and 
die whole plate was centrifiiged at 2000 ipm for 10 minutes. The filter was then removed 
and the cells that had migrated to the lower wdls were quantified by the fluorescence of 
cell associated calcein-AM. Cell migration was then expressed in fluorescence units after 
subtraction of the reagent blank and values were standardized to % migration by 
comparing the fluorescence values with that of a known number of latoeUed cells. The 
effect of antagonists was calculated as % inhibition when the number of migrated cells 
were compared with vehicle. 
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CLAIMS 



1 . A compound of fonnula 




• 



wherein 

mis 0,1, 2, 3 or 4; 

each R* independently represents halogen, cyano, hydroxyl, Ci-Cealkyl, 

10 C1-C5 alkoxy or sulphonamido; 

either X represents a bond, -CH2-, -O- or -0(0)- and Y represents a bond, -CH2-, 
-O- or -C(0)-, or X and Y together represent a group -CH=C(CH3)- or -C(CH3)=CH-, 
and Z represents abond, -0-. -NH- or -CH2-. providedAatonly oneofX, Y andZ can 
represent a bond at any one time and provided that X and Y do not both simultaneomly 
15 represent -O- or -C(0)s 
nisO, 1 or2; 

each independently represents halogen or Ci-Ce alkyl; 
qisOorl; 

represents .NHC(0)R^°, -C(0)NR^^R*^ or -COOR ^• 



20 



R*. R^, R**, R^ and R* eadi independently represent a hydrogen atom or a Ci-Ce alkyl 



group; 

tisO, lor2; 

each r' independently represents halogen, cyano, hydroxyl, Ci-Ce alkoxy, 
C1-C6 haloalkyl. or Ci-Cs alkyl optionally substituted by at least one substltuent selected 
25 fiwm carboxyl and Cj-Ce alkoxycarbonyl; 
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represents a group Ci^ealkyl, C2-C6 alkenyl, C3-C6 cycloalkyl. adamantyl, 
C5-C6cycloaIkBnyl, phenyl or a saturated or unsaturated 5- to lO-memberedheterocycUc 
ring system comprising at least one ring heteroatom selected ftom nitrogen, oxygen and 
sulphur, each of which may be optionally substituted by one or more substituents 
independently selected ftom nitro, hydroxy!. 0x0. halogen, carboxyl, Ci-Cealkyl. 
Ci-Cealkoxy, Ci-Ce alkylthio. C1-C6 alkylcarbonyl, Ci-Ce alkoxycarbonyl. phenyl and 

-NHC(0)-R^^, or 

R rK>resaits a groiq> R or-CR ; 

R* ^ and R*^ each independently represent (i) ahydrogen atom, (u) a 3- to 6- 
membered saturated or unsaturated ring optionally comprising at least one ring heteroatom 
selected fiom nitrogen, oxygen and sulphur, the ring bemg optionaUy substituted with at 
least one substituent selected fiom halogen, methyl and trifluoromethyt, or 
(iii) a Ci-Ce alkyl group optionaUy substitated by at least ohe substituent selected ftom 
halogen, amino, hydroxyl, trifluoromethyl, caiboxyl, C1-C6 alkoxycariwnyl and a 3- to 6- 
membered saturated or unsaturated ring optionally comprising at least one ring heteroatom 
selected from nitrogen, oxygen and sulphur, the ring being optionally substituted with at 
least one substituent selected from halogen, mediyl and trifluoromethyl, or 

^ and R^^ together with the nitrogen atom to which th^ are attached form a 4- to 7- 
membered saturated heterocycUc ring optionally further comprising a ring oxygen atom, 
the heterocycUc ring being optionaUy substitated with at least one substituent selected from 
hydroxyl and Ci-C^ alkoxy; 

R*^ represents a hydrogen atom or a Ci-Cg allqrl ffoap; 

R^^ represents a Ci-Cg alkyl, amino or phenyl group; 

R^^ and v}^ each independentty represent a hydrogen atom, or a group Ci-Ce alkyU 
phenyl or a saturated or unsaturated 5- to lO-membered heterocycUc ring system 
comprishig at least one ring heteroatom selected from nitrogen, oxygen and sulphur, each 
group being OptionaUy substituted as defined above for R , or 

R^"* and together with the nitrogen atom to whicdx they are attached form a 4- to 7- 
membered saturated h^ocycle; and 
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R*^rqm»entsahydtogen atom, or a group Ci-Cealkyl. phenyl or a saturated or 
unsaturated 5- to lO-membered hetetocycUc ring system comprising at least one ring 

heteioatom selected ftom nitrogen, oxygen and sulphur, each groiq? being optionaUy 

10 

substituted as defined above for R ; 

or a pharmaceutically acceptable salt or solvate thereof. 

2. A compound according to daiml.M*ereinX and Y have the meanings shown in the 
following table: 



X 


Y 


bond 


O 


O 


bond 


CH2 


O 


O 


CH2 


C(0) 


O 


0 


C(0) 


CH2 


CH2 


-CH=C(CH3> 



3. A compoimd according to claim lor claim 2, where^ 
-CH2-. 

3 

4. A compound according to any one of claims 1 to 3, iR^erdn R represents 
•^fHC(0)R^^ 

5. A compound according to any one of claims 1 to 4, wherein t is 0 or 1 . 

6. A compound according to any one of claims 1 to 5, wherein each R independendy 
represents halogen, hydroxyl, Ci-C4alkoxy or C1-C4 haloalkyl. 



96 



7. A compouiMl according to claim 1 selected ftom: 

jVK2-{[(2S>3-(5<Woto-lTOH-spitD[l-ben2»&ran-2.4*-piperi 

hydioxypropyl]oxy)pheayDacetainide, 

JV-(2-{((2S)-3-(5-Chloio-l •iy,3/f^piro[l4)enzofuran-2,4'-piperidin]-l *-yl)-2- 
hydroxyprop^]oxy)-4-fluoiopheayl)acetamide, 

lQ^dioxypiopyl]oxy}-4-nieliK>xyphenyl)acetanude, 

JVK2-{[(2S)-3-(5-Chloro-l ♦fl;3*«pin>(l-beii2ofuran-2,4'-piperidin]-l '-yl>2- 
hydroxypropylloxy}-4-hydroxyphenyI)acetaniide, 

Ar-[2-{[(2S>3-(5-CWoro-r/f,3H-spiTo[l-benzofimm-2,4*-piperidto^ 

hydroxypropyl]oxy}-5-(trifluoromethyl)phenyl]acetamide, 

2-{[(2S)-3-(5-Chloro-l •if^i/-spiro[l-benzofuran-2,4'-piperidin]-l '-yl)-2- 
hydroxypropyl]oxy}-N-cycIopn3pylbenzanude, 

2-{[(2S)-3-(5-Chloro-l '/r.3/f-spiro[l-ben2oftiran-2,4'-piperidinl-l •-yl)-2- 
hydroxypropyl]oxy}-iV-cyclopropyl-4-fluoroben2aimde. 

2-{[(2S)-3-(5-Chloro-l 'if;3/f-spiro[l-benzofuran-2,4'-piperidin]-l '-yl)-2- 
hydioxypropyl]oxy}-N-cyclopropyl-4-methoxybenzaniide, 

W-{[(2S)-3K5-CWoto-l'H^^-spiro[l-benzofuran-2,4'-piperidin>r 
2-mefliylpropyl]o:^}-4-hydroxyphen^)acetanridetrifluoroacetate, 

M(5-Chloro-2-{[(2S>3-(6-chloro-l '^.3H-spiro[2-benzofuran-l,4'-piperidin]-l '-yl)- 
2-hydroxypropyl]oxy}ph«iyl)acetainide, 

N-i2- {[(2S)-3-(6-Chloto-l •//;3/f-spiroI2-ben2ofuran-l,4'-piperidin]-l *-yl)-2- 
hydioxypropyl]oxy}-4-fluorophenyl)acetainide, 

Ar-(2-{[(2S>3K6-Chloro-lW,3H-^iro[2-benzofuran-l,4'-piperidin^ 

hydioxypropyl]oxy)pheayI)acetanride, 

AK2-{[(2S)-3-(6-Chloro-l 'i/.S^^spiroP-benzofiiran-l ,4'-piperidin]-l •-yi)-2- 
hydK)xypropyl]oxy}-4-medio3OThenyl)acetaimde, 

2- {[(2S)-3-(6-Chloio-l 'i?,3/f-spiro[2-benzofbran-l ,4*-piperidin]-l '-yl)-2- 
hydroxypropyl]oxy}-i\/'-cyclopropyl-4-fluoroben2aimde, 



97 



^K2{[(2S>3-(5-Fluoio-lW,3H-spiro[2-benzo&ran-l,4'-piperidm]-r-^^^^ 

liydro3^iopyi]phen3^)acetamide, 

iVK4-Chloro-2-{K2S)-2-hydioxy-3K3-oxo-rif3fl^spiro[2-beozofta 

IMperidin]-! •-yl^»ropyl]ojv)phenyl)acetainide, 

AXydoptopyl-2.{[(2S>2-hydroxy.3-(lW3/r-«piro[2*eiu^ 

yl)propyl]oxy}beiizaaiide, 

AK4-CUoio-2-{[(2S>2-hydn>xy-3<r/r3^-qMro[2-benzofi^ 

yl)propyl]oxy}phenyl)acetaimde, 

AK5-CWoto-2{[(2S).2-hydroxy-3<l'/f,3/f-spno[2-benzofii^ 

yl)propylloxy}phenyl)acetamide, 

iNK2-{[(2S)-2-hydioxy-2-methyl-3-(r^.3//-spiro[2-b€02ofuian-1.4'-pi^ 

yl)propyl]oxy}-4-methoxyphenyl)ac«ainide, 

W-{[(2S)-2-Hydroxy-3<l'/f,3ff-spiro[2-benzofiiran-l,4'-piperidinl-r- 

yl)propyl]oxy}-5-(trifluoromethyl)phenyl]acetamide, 

N-{2- {[(2S)-2-Hydroxy-3-(2-niethyl- 1 'i/-spiio[iiidene-l ,4'-piperidin>l 

yl)ptopyl]oxy}phenyl)acetaniide, 

AK2-{[(2S)-3-(2,3-Dihydro-l 'H-spiro[indene-l,4'-piperidml-l '-yl>2- 

hydioxypropyl]oxy}phenyl)acetaniide, 

^K2-{[(2S)-2-Hydroxy-3-(2-<>xo-l'i^spiiD[l-benzofuran-3,4'-piperidin]-l^ 

yl)piopyl]oxy}phBnyl)acetaiiiide, 

2-{l(2S)-3-(5-Chloio-l »fl;3H-spiro[l-ben2ofuran-2,4*-piperidin]-l '-yl)-2- 
hydioxypn>pyl]oxy)-iV-cyclopropyl-4-hydio3qrbenzamide, 

2-{[(2S)-3-(5-Chloro-l 'fi;3H-spirotl-ben2ofiiraii-2,4'-piperidin3-l •-yl)-2-hydioxy-2 
m^ylim)pyl]oxy}-iSr-<^clopropyl-4-hydro3qfbenzainide, 

2-{[(2S>3-(5<Woio-rH3H-spiro[l-benzoftiran-2,4»-piperidiil3-l*-^^ 

hydroxyprop^]oxy}-N-methylbenzamide, 

2-{[(2S)-3-(5-Chloro-l »ir,3i^spiro[l-benzofuran-2,4'ipiperidin>l '-yl)-2-hydroxy-2 
methylpropyl]oxy } -4-hydioxy-J\r-methyIbeiizainide (trifluoroacetate), 

hydroxy3oxy>-4-hydroxy-i\f-methylbenzaiiude. 
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^K2-{[(2^>•3-(5-ChloIO-r/r-spito[U-beIlZ0dioxole-2,4•-^^ 
hydroxypropyl]oxy}-4-hyd»xypheiiyl)acetanude trifluoroacetate, 
W-{[(25)-3-(5-Chloio-rfl^[l,3-ben20dioxole.2,4'-piperi 

2-methylprcq>yiloxy}-4-hydroxypheiiyl)acetainideM 

iV<4-Hydroxy-2-{[(25>2-hydioxy-3Kl'^-spiK>[U-benzodioxole-^^^^ 

yl)pn>i>^]oxy}pheny])acetamide trifluoroacetate, 

iV-(4-Hydroxy-2-{[(2S)-2-hydroxy-2-methyl-3Kl'^-spiro[U-ben^ 

piperidm]-r-yl)propyl]oxy}phenyl)acetaniide trifluoroacetate, 

^K2-{[(2S)OK5-ailoro-rH3*spirol2-benzofuran-l,4'-piperidin]-r-yl>^^ 

hydroxypropyl]oxy} -4-hydroxyphenyl)acrtaimde, 

iV^(2-{t(2S)-3-(S-CMoto-r^,3/^spiro[2-benzofuiaii.l,4'-piperidin^^ 

hydroxypropyl]oxy}phenyl)acetainide, 

2-{[(2S>3K5-aUoio-r/f,3if-^piro[2-beMofuran-l,4'-piperidm3-r-yl>2^ 

hydioxypropyl]oxy}-4-hydroxy-iV-inethylbenzamide, 

2-{[(2S)-3K5-CWoio-l'ff,3ir-spirot2-ben2o{uiOT-l,4»-piperidin]-l'-y^^^^ 

inethoxypropyl]oxy}-iV-cyclopropyl-4-hydroxybenzamide, 

2.{[(2S)-3-(5-CWoro-l*i?.3//-spiio[l-benzofuran-2,4'-piperidin]-l'^^^^ 

hydioxypropylloxy}-4-hydroxy-iV^-(2-hydroxyethyl)benzamide, 

^K2-AmillDethyl)-2-{3(2S)-3K5-chlolx>.l'//^i/-spiro[l-benzofur^ 

1 •-yl)-2-hydro3Qrpropyl]oxy > -4-hydroxybenzamide, 

2-{[(2S)-3-(5-FhJoro-l •jy,3/y-spm>[l-benzofuran-2,4'-pip6ridin]-l •-yl)-2- 
hydroxypropyl]oxy)-4-hydtoxy-isr-methyIbenzainide, 

AK2-{[(2S)-3-(5-Fluoio-l W^jy-spm)[l-beDzo&ran-2,4'-piperidm]-l '-yl)-2- 

hydTOJ^ropylloxy } -4-hydioxyphenyl)acetamide, 

^i(2.{[(2S)-3K5-Fluoto-l'/f,3H-spiro[l-beim)ftinm-2,4'-piperi^ 

liydroxypropyl]oxy}pheiiyl)acetaiiiide, 

WK{(2S)-3[(2S>5-CWoio-l'/y,3i?4piio[l-benzoftiran-2,3'-pyTO 

hydroxypropyl}oxy)ph«iyl]acetainide, 

iV^[2-({(2S)-3[(2R>5-Chloro-l •fl^/r-spirotl-benzD£uran-2,3'-pynoUdin]-l '-ylK 

hydroxypropyl}oxy)phenyl]acetainide. 
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JV^[2K{(2S)0-[(2S)-5-CWoro-r/r3J¥-spiio[l-ben^ 
hydroxypropyl}oxy)-4-methoxyphenyl]acetaniide, 

jV:[2-({(2S>3.[(2R)-5-Chloro-ri/3^-^iro[l-b^ 
hydroxypropyi}oxy>4-methoxyphenyl]acetaim 

2-{[(2S)-3-(5-Chloro-r/f^/^spiro[l-benzofu^ 
hydroxypiopyl]oxy}-4-hydtoxy-iV'-metiiylbenzamic^^ 

2- {[(2S)-3-(5-Chloro-l W,3/y-spiio[l-benzofuran-2,4»-piperidiii]-l •-yl)-2- 
hydroxypropyl]oxy}-4-hydioxybenzoic add (trifluotoacetate), 

3(S)-H2-{[(2S)-3K5-CWoto-lW,3/f-q>iio[l-b€nzofij^ 
hydroxyprop)d]oxy} .4-hydn>xyben2oyl)pyrrolidin:-3-ol, 

3(R)-1 -(2-{[(2S>3-(5-Chloro-l '/f3fr-spiro[l-benzofui^-2,4'-piperi^^ '.yl)-2- 
hydroxypropyl]oxy } -4-hydroxyben2oyl)pyrrotidin-3-ol, 

3- {[(2S)-3-(5-Chloro-l •iy,3/f-spiro[l-benzofuian-2,4'-piperid^^ '-yl)-2- 
hydroxypropyl]oxy } ^(morpholin-4-ylcarbonyl)pheaol, 

and phaimaceutically acceptable salts and solvates of any one thereof. 

8. A process for the preparation of a compound of formula (I) or a pharmaceutically 
acceptable salt or solvate thereof as defined in claim 1 which comprises, 
(a) reacting a conxpound of formula 



* \^ tn (DO 

wherein m, k\ n. R^. q. X, Y and Z are as defined in fonnula (1). wife a compound of 




fonnula 
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v*etemR^R^R^R^R^R^tandR^areasdefinedmfo^nute®^ or 
(b) reacting a compound of fonnula 




with 



whesrein R^. t and R^ are as defined in fonnula (I), in the presence of a suitable base; 
(c) when R^ represents .NHC(0)R^°, reactmg a compound of formula 
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m 



(VI) 



wherein m, r\ R^ q. X. Y. Z, r\ R^ R^ r\ R^ t and are as defeed in foimuta 
with a compound of formula 



»10 



(vn) 



wherein rqwesents a leaving group and R^° is as defined in fonnula (I); or 
when R^ tepresmts -C(0)NR* 'r^^ reacting a compound of fonnula 



X— Y icH^);\ 






C(0)L- 



m 



10 



(vni) 



whwein L^represoats a leaving giotp and m,R\n,R^,q,X,Y,Z,R ,R ,R ,R ,R ,t 

• 11 12 

and R^ are as defined in fonnula (I), wi& a compound of formula (DO, NHR R , 

whereinR" and R^^ are as defined in fonnula (I); 



IS 



and optionally after (a), (b), (c) or (d) fonning a phannaceutically acc^table salt or 
solvate. 



102 



9. A pharmaceutical composition comprising a compoimd of fonnula (I) or a 
phannaceutically acceptable salt or solvate thereof as claimed in any one of claims 1 to 7 
in association vnth a pharmaceutically acceptable adjuvant, diluent or earner. 

10. A process for the preparation of a pharmaceutical composition as claimed in claim 9 
which comprises mixing a compound of formula (I) or a phannaceutically acceptable salt 
or solvate thereof as claimed in any one of claims 1 to 7 with a phannaceutically 
acceptable adjuvant, diluent or carrier. 

1 1. A compound of formula (I) or a pharmaceutically-acceptable salt or solvate thereof as 
claimed in any one of claims 1 to 7 for use in therapy. 

12. Use of a compound of formula (Q or a pharmaceutically acceptable salt or solvate 
thereof as claimed in any one of claims 1 to 7 in the manufacture of a medicament for the 
treatment of human diseases or conditions in which modulation of chemokine receptor 
activity is beneficial. 

13. Use of a corq[>oimd of formula (I) or a phannaceutically acceptable salt or solvate 
thereof as claimed in any one of claims 1 to 7 in the manufacture of a medicament for use 
in treating rheumatoid arthritis. 

1 4. Use of a compound of formula (I) or a pharmaceutically acceptable salt or solvate 
thereof as claimed in any one of claims 1 to 7 in the manufacture of a medicament for use 
in treating chronic obstructive pulmonary disease. 

15. Use of a compound of formula (I) or a phannaceutically acceptable salt or solvate 
thereof as claimed in any one of claims 1 to 7 in the manufacture of a medicament for use 
in treating asthma^ 
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16. Use of a compound of foimula (1) or a phannaceuticaUy acceptable salt or solvate 
thereof as claimed in any one of claims I to 7 in the manufecture of a medicament fer use 
in treating multiple sclerosis. 

17. A mc&od of treating an inflammatoiy disease wMch comprises administering to a 
patient in need thereof a therapeuticaUy effective amount of a compound of formula (I) or 
a phaimaceutically acceptable salt or solvate fliereof as claimed in any one of claims 1 to 7. 

18. A meOiod of treadng an airways disease vrbitAi comprises administering to a patient in 
need thereof a fliarq)euticaUy effective amount of a compound of formula (I) or a 
pharmaceutically acceptable salt or solvate thereof as claimed in any one of claims 1 to 7. 
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ABSTRACT 
NOVEL COMPOUNDS 



The iaveiition provides compounds of fonnula 




wherein m, r\ n, R^ q, X, Y, Z, R^ R*. R^ R^ R*, t and ate as defined in the 
spedfication, piocesses for their preparation, phannaceutical conqpositions containing 
them and (heirnse in therapy. 
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